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Preface. 



The tianslaticm here offered to the reader first appeared in 
the pages of the New Philosophy, the official organ of the 
SwEDENBORG SaENTiFic AssoaATiON^ frooi October, 1909, 
to October, 191 5. It is now reprinted with additions/ cor- 
rections and indices. 

The Latin original is contained in codex 74 of the Sweden- 
borg manuscripts preserved in the library of the Royal Swe- 
dish Academy of Sciences at Stockholm. This codex con- 
tains several distinct treatises with independent paging and 
in the f blowing order: 

1. The Fibre, pp. ($5-433 (un- 5- Originl of Soul, 8 pp. 

^nishfd). 6. Action, 32 pp. 

2. The Red Blood, 24 pp. 7. Harmony of Soul and Body, 

3. The Animal Spirit, 24 pp. 80 pp. of which 2, in one 

4. Sensation, 13 pp., followed 1^ place, and 32 in another, are 

3 blank pages (unfmMfd). missing (uniinishtd). 

Although now bound in a single manuscript volume, it would 
seem that these seven works were not originally contained in 
one volume. This is indicated by the indq>endent pagination, 
and, more clearly, by the fact that in the original catalogue 
of Swedenborg^s manuscripts, prepared by his heirs in 1772, 
shortly after his decease, specific mention is made only of 
nos. 3, 4, and 6, which are listed as "three short transactions'' 
on the Animal Spirit, Sensation and Action (3 Documents 
Cone. Swedenborg, 784). The other works, nos. i, 2, 5, and 
7, seem, in this catalogue, to be included under the heading 
''Several larger and smaller fragments" on physiological sub- 
jects {ibid, 784-s). The separate works were, however, 
bound together as early as 1787 ; for in the official catalogue 
prepared for the Royal Academy in that year, they are 
listed aa ''Codex 74. Anatomical and Physiological matters'' 
{ibid, 796). No further indication of the contents of this 
codex is given ; nor does the volume appear to have received 
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any dialled examination, until sixty years later, when, in 
1843, ^^ SvEDBOM, the librarian of the Royal Academy^ act- 
ing at the instance of Dr. J. J. Garth Wilkinson, examined 
the codex and gave some description of its contents (Animal 
Kingdom, 654, 657). 

Following this examination, the Swedenb(«g Society, — 
a body which had been recently instituted for the purpose of 
publishing the philosc^hical works of Swedenborg, — api^ed 
to the Royal Academy for the loan of the codex with a view 
to its publication; and, in testimony of the high esteem in 
which the official New Church was regarded by the Royal 
Academy, the request was generously g^ranted. 

The manuscript was entrusted to Dr. Wilkinson, as edi- 
tor. Under his care its six smaller treatises, together with 
two or three other little works, were published by the Swe- 
denborg Society in the autumn of 1846 under the title 
Opuscula Quaedam Argumenti PHiLosoPHia. In the 
same year the Society also published an English translation 
of this volume by Dr. Wilkinson. 

The work on The Fibre was published in the following 
year, 1847, ^ ^ separate volume, but was not followed by an 
English translation. Soon after the appearance of the Latin 
edition, however, translations of short passages were printed 
in the periodicals of the New Qiurch, as follows: 

Nos. 158-9, 370-9, 370-394* translated by the Rev. J. H. Smidisoa; 
and nos. 421-432 translated by John Bogg, M. D., in ImxLLicnTAL 
RnosmttY, London, 1847, pp. 393-4; 1848, pp. 27-31; 1852, pp. 303-7, 
345-<i 352-8; 1848^ pp. 298-303. 

Nos. 285-291, 486-8, 520 translated by Elihu Rich in New Chusck 
QuAKTBKLY, Londoo, 1848, pp. 21-3, 28-9, 31-2. 

Nos. 421-432, translated by Pkof. Geobge Bush in New Church 
Rbpositoky, New York, 1849, pp. 81-7. 

No further translations appeared in print until 1882, when 
Nos. 340-1 and 343 were included by Dr. R. L. Tafel in his 
translation of The Brain (pp. 423-4). Fifteen years later 
a translaticHi, by Charles L. Olds, M. D., of die whole~*of 
Part IIL on Diseases of the Fibre, was printed in New 
Church Life (Philadelphia) for 1897- 1899. 
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In additioo to these printed translations, the writer has also 
had access to two manuscript translations, — the <Mie, by 
Bishop W. F, Pendleton, covering, — ^with some short omis- 
sions, — the whole of Part I. On the Fibre; and the other, 
by Prof. Camille Vinet, covering the whole of Part II. On 
THE Arachnoid Tunic. 

All these translations have been carefully consulted in pro- 
dudi^ the present work, and the writer gratefully acknowl- 
edges both the direct help and the many valuable suggestions 
which he has derived from the work of his predecessors. 

In preparing the work for the press, the translator has sup- 
plied the first fifty-six paragraphs, which are missing from 
the original manuscript, but which clearly consisted of quota- 
tions from anatomical authors. At the c<Knmencement of the 
early chapters, he has also added certain introductory para- 
graphs wherein the broken parts of the author's inductions, 
are gathered together into one. But we shall again refer to 
these two points later on in this Preface. 

All the citations and quotations made by the author have 
been verified by reference to the origfinal works, and where 
any change was required this has been noted either in a foot- 
note, or by the use of brackets. The plates from Leeuwen- 
hoek's works have been included in the volume, — ^as they 
were also included in many of the copies of the Latin edition. 
It would appear to have been the author's intention to have 
printed these plates when publishing his work, and, in any 
case, he certainly intended that they should be frequently con- 
sulted by the reader. 

Two Indices have been prepared. The first is an index of 
authors dted, — ^in which are included Swedenborg's refer- 
ences to his own works, both published and prospective. The 
other is an Index of Subjects ; this has been so prepared as to 
serve the purpose of a digest as well as of an index, — ^but we 
explain this more fully in our note prefixed to the Index itself. 

Two Lists of Q>rrigenda have been prepared,— one of the 
Latin text, and the other of the English translation. By the 
kindness of Mr. Alfred H. Stroh, all the Latin corrections 
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have been compared witfa the origmal manuscripli and the 
result of the oompariami is duly noted. 

The corrections to the English text are very numerous; 
this is owing to the fact that a great number of them are 
based on our restoration of the first fifty-seven paragraphs 
of the work, — a restoration which we were unable to bring 
t0 completion until die translation was already in print. 

« « « « 

We turn now to a consideration of the place which The 
Fibre holds in the cycle of the author's physiological and 
psychological writings, and to some consideration of the 
manuscript 

The work on The Fibre is undoubtedly a part of that 
series of "Physiol<^cal Transactions/' volumes I. and Ily of 
which were published by the author under the title, Econ6my 
OF THE Animal Kingdom. 

What appears to be the first draft of the commencement 
of this series is contained in codex 65 of the Swedenborg 
MSS. ; indeed, in a subsequent and, as yet, unpublished manu- 
script on the Brain (Codex 58) the author specifically refers 
to tfiis codex 65 as his "first projection" {Photolitho graphed 
MSS., 62). 

Codex 65 contains "Transactions" I., II. and III. Orig- 
inally the manuscript consisted of 1^2 pages, but as now 
preserved it contains only 1,098 pages, nearly all the missing 
pages being from Transactions I. and II. The larger part 
of the manuscript is reproduced in Vol. IV. of the Photo- 
UTHOGRAPHED MSS., edited by Dr. R. L. Tafel. Frmi its 
contents, which include several references to a proposed 
Transactions IV, it can be shown that the author's first plan 
for his series of Transactions was as follows: 

Tnns. I. The G)rtex, Medulla and Vessels of the Brain. Degrees 

as exhibited in the Cortical Gland. 
Trans. 11. The CoTerings of the Brain; its Animatian, Detemuoa- 

tions and Functions. 
Trans. III. Introdncdon on the Animal Spirit; to be foUowed by a 

detailed examination of the various members of the 

Cerebrum. 
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Traos. IV. The Composition of the Blood (4 PhoioUth., 7^, 793t 

801) ; and, at the end, the Depcnda^fce of Muscolar Ac- 
tion on the Animation of the Brain (ibid. 523). 

PLAN OF THE '"EOONOMY" SERIES. 

This plan was, however, modified by the aatbor when he 
commenced the publication of his Physiological Transactions 
under the title Economy of the Animal Kingdom. The 
first vcdnme of this work was published in 1740 as ''Trans- 
action I. On the Blood/' etc., with a concluding chapter, en>- 
titled "Introduction to Rational Psychology.*' The second 
volume was published in 1741, as ''Transaction II.," On the 
Motion of the Brain ; the Cortex ; and the Human Soul. 

Comparison of these published Transactions with the 
Transactions of the first projection in codex 65 shows that 
the last chapter of Transaction I. of the Economy (Intro- 
duction to Rational Psychology) covers much of the same 
ground as is covered in Transaction II. of codex 65 ; and that 
Transaction II. of the Economy covers much of the ground 
covered in Transactions I. and II. of the same codex; in- 
deed in several cases the same anatomical quotations are used. 
We are thus led to conclude with some d^ree of certainty, 
that Transactions I. and II. of codex 65 are a first draft or 
first projection of what was subsequently published as the 
Introducti<m to Rational Psychology, in Transaction I., and 
the whole of Transaction II. of the Economy of the Animal 
Kingdom. 

From various references made by the autfior in this latter 
work to Transactions which are to follow, it can be established 
that, at the time of its publication, his plan for the whcde 
series of Transacticms was as follows: — ^the references are 
to the Eccmomy: 

Trans. I. The Blood and Blood Vessels. Introduction to Ra- 

tional Psjrchology. 

Trans. 11. The Motion of the Brain. The Cortex. The Htnnan 

SonL 

Trans. III. The Cortical and MednUary snhstance of the Brain 

(I, 147, 157; II, 146, IIS, 117). The Constmction 
of the Fibre (II, 122). The Animal Spirit and its 
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course tfaroufi^ the Fibro (II, 127), The Aradi- 
notdal Humors (II, 130). 

Trans. IV-VI. The Brain (I, 157; H, "5. iy>p ^4^ 305); the Birth 

of the Animal Spirit (U, ijo). 

Trans. VII. The Tongue, Trachea and Lungs (I, 50, 279). 

Transactions on the Liver (I, 343). Cieneration, (II, 295). The Mus- 
cles (I, iQOt 142, 557)- Freewill (II, 261, 299). 
Souls of Men and Brutes (II, 259). Harmony (I, 
155). 

The guiding principle that appears to have ruled in the 
formulation of the above plan whereby the human soul was 
to be sought in the body, is, that the universals of the body 
were to be treated of first, and then its various parts were to 
be taken up and examined in detail. 

The same principle of treatment is seen in the first pro- 
jection contained in codex 65 ; but in ihe Economy the ai^li- 
cation of this principle is changed, as may be seen from die 
following table: 



CooBx 65. 

1. The universak of the Brain, 

i, €,, its Degrees, Motion, 
Function ; the Animal 
Spirit (Trans. I. and II.) 

2. The Animal Spirit The mem- 

bers of the Cerebrum. 
(Trans. IIL) 

1 

3. The universals of the Body, 

•'. €., the Blood; the in- 
fluence of the Brain's Ani- 
mation on the Body. 
(Trans. IV.) 

4. seq. The various parts of die 

Body. (Trans. V. seq.) 



The Economy. 

1. The universals of the Body» 
t. e., its Blood and Ves- 
sels; the Heart Introduc- 
tion to Rational Psychol- 
ogy. (Trans. I.) 

2. The Universals of the Brain, 
i. €., its motion and Cor- 
tex. The Soul. (Trans. 

II.) 

3. The universals of die influx 

of Brain into Body, i. t., 
the Fibre and its Spirit 
(Trans. III.) 

4. The members of the Brain. 
(Trims. IV.-VI.) 

5. The parts of die Body. 

(Trans. VIL m«.) 

From this Table it will be seen that the first plan, or tiiat 
of oodex 65, was so far modified in the Economy that, in- 
stead of treating first of the brain and then of the body, die 
author planned to devote his first Parts or Transactions to 



PREFACE. xiii 

the tiniversals entering into the entire series of i^ysiological 
investigations, and tiien to take up the members of the brain 
and afterwards the members of the body. 

THE PURPOSE OF THE "eCONOMY" SERIES. 

In this plan we find Swedenborg's characteristic and 
eminently rational use of the two methods of investigation, — 
the analytical and the synthetic. It is true, as he frequently 
pomts out, that human beings of our age must first ascend 
by the analytical way, — ^the way of experimental facts analyti- 
cally investigated, — before they are prepared to descend by 
the synthetic way, — ^the way pointed out by ascertained and 
established doctrines. But by this, Swedenborg clearly did 
not mean that it behooved him to lay before his reader every 
detail of the subject under investigation, and to derive no 
conclusions except as explicitly based on tiie exhaustive ex- 
amination of these details. This is the method of the learned 
of to-day. But with Swedenborg the analytical method was 
used for the purpose of thereby arriving at those universal 
principles and doctrines, in the light of which alone can there 
be any comprehension of tile multitudinous details of the 
brain and body, and of the many problems which they present 
for solution. The analytical method was to be used, not for 
the purpose of solving particular and subordinate problems, 
but for the purpose of arriving at universal doctrines; and 
the subjects of the first analytical investig^on were to be, 
not any specific parts of the human brain or body, but that 
brain and body considered as a whole. Thus the searcher 
after truth can receive those universal doctrines which are 
the principles of Nature herself, and by the guiding thread 
whereof he can safely tread the labyrinthine paths of science, 
to behold at every step the Wisdom of the Creator. 

There is abundant evidence that, before Swedenborg pub- 
lished the Economy, he had made the most tiiorough investi- 
gation into the anatomy of the brain and body; and that he 
had added to his knowledge by himself entering upon the 
work of dissection (E. A. K. 401, 403, 485). For the pur- 
pose of investigating the human soul (he says) "I have 
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diliffeotly examined the anatomy of die body, and especially 
tbe human body with unwearying labors and intense study; 
and I have examined its several parts with the same industry 
as I have here employed on the cortical substance'' (2 £. A. 
K. 214). But all tiiis industry was e3q>ended with die single 
purpose of seddng out those universal laws from! which Na- 
ture acts, and in the light of which, when once discovered, die 
search into the parts of the human body can be taken up 
anew as a means for the discovery of die soul in the temple 
wherein she dwells. 

It was in accordance with this plan that SwEDfiNiMXtG com- 
menced the publication of his series of physiological worics. 
In the early works of the series the reader wad first to be 
led by the analytical method to a comprehension of certain 
universals in the human body before being invited to the study 
of its particular members and viscera. Hence the Economy 
commences with the blood, — the corporeal soul and universal 
essence of its body. Then follows the doctrine of Order, 
Series and D^^rees, laid down in the Introductk^i to Rational 
Psydicdogy. After this comes Transaction II. on the Cortex 
of the Brain, and its Motion, — these being the gjeat uni- 
versals which must rule in every study of the brain. Next 
was to follow Transaction III. on the Fibre and Animal 
Spirit, — ^these being the universal means whereby the soul 
and mind manifest their presence and <^>eration in the body. 
After these universal studies the series was to be ccmtinued 
by special Transactions on the Brain, the Abdominal and 
^oradc viscera, the Organs of Generation, and, finally, die 
Soul. 

After publishing the second of these Transactions in 1741* 
Swedenborg published no further work until 1744 when his 
Animal KiNca)OM appeared, wherein he aiq>ears to lay down 
an entirely new plan for his physiological series. The new 
series was to consist of seventeen 'Tarts,*' which, commencing 
with die viscera of the body, were to take up in succession die 
heart and blood, the organs of generation and of the five 
senses, the brain and its diseases, the doctrines of form, order. 
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oorrespofidefice, etc., and, finally, the homan animuSt mind 
and soul. 

THE ''economy" and THE ''aNIMAL KINGDOK/' 

It has been supposed that in commencing this new series 
SweAesaboTg discards his former plan, begun in' die Economy, 
as unsatisfactory. But this coodusioa is not warranted by 
the facts. It is true that, in this new series, Sweewnbobg 
somewhat changed or modified the order in which his studies 
were to be laid before die public ; but there was no essential 
diange. The Animal Kingdom is, in fact, a continuation of 
the Economy, and this along the same general lines. The 
published Transactions of the latter w<Mrk had prepared the 
ground by laying down, on an analytical focmdati<Mi, certain 
universal principles. This being accomplished, the next step 
was the examinatioa of the various parts of the body and 
brain ; then the gathering together in orderly presentation of 
the new doctrines discovered; and, finally, the revelation^ 
die unveiling, of the soul. This intimate connecticMi between 
the Economy and the Animal Kinchx>m is involved in the 
following statement in the latter work: 

'^ot very long ago I committed to the public press the Economy of 
THS AimcAL Kingdom,— a work which was divided into Transactions, — 
but only the Transactions on the Blood, its Arteries and Heart, and on 
the Modon and G>rtex of the brain; and, before the several stages 
of the journey had been run, I made a rapid passage to the souL 
But on deeper reflection I found that I had taken my steps more hastily 
and quickly than was due, that is to say, merely on the basis of an 
investigadon of the blood and its proper organs, — which was done 
because I was^ impelled by the ardor of kaming. But since the toal 
acts in supremes and inmosts, and does not come to view until all 
her swathings have been unwrapped in order, therefore I have de- 
termined to allow myself no rest until I havd run through the whole 
field even to the goaL" (A. K. 19.) 

The passage to the soul had been ''too hasty ;'' and yet in this 
passage, — ^we refer to the last diapter of Transaction II. of 
the Ecx>NOMY, — Swedenborg lays down the great universal 
doctrines concerning the human soul to which he constandy 
refers in his later works belonging to the Animal Kingdom 
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series, and from which he never in the least deviates. And 
yet the passage had been "too hasty." It is not enough to view 
the soul merely on the basis of the universals of the body and 
brain; but, havii^ thus been given a view of the soul in her 
universal operations, it is now necessary that we descend 
again to the body and traverse the whole field of anatxMny in 
order that the soul may be fully revealed to our reverent and 
newly awakened gaze. This, indeed, had been the plan of the 
Economy; but the plan had not been publicly set forth, and 
the work remained apparently unfinished and aband<^ed, — as 
a too hasty passage to the soul. Its use, however, had been 
served, — it had furnished the light to guide the steps in the 
''several stages'' of the long journey that had yet to be run. 

As contemplated in the published Transactions of the 
Economy, the three Transactions on universals, — the Blood, 
the Brain, and the Fibre, — were to be followed by detailed 
studies of particular parts of the body. First was to be taken 
up the members of the brain, then the viscera of the abdomen 
and thorax, the organs of generation, etc. In the Animal 
Kingdom series the order in pursuit^ this detailed investiga- 
tion is changed, but the characteristic quality of the studies 
to be now commenced, remains the same; that is to say, the 
series initiated by the first Transactions of the Economy is 
now to continue with the analytical investigation of the parts 
of the human body. 

And here we see the reason for the change in title from the 
''Economy of the Animal Kingdom, considered anatomically, 
jrfiysically and philosophically" to "The Animal Kingdom con- 
sidered anat(Mnically, physically and philosophically." The 
former woric, dealing with the universals of the body — the 
blood and cortex, togetiier with the doctrine of degrees, and 
a universal view of the soul — ^is called The Economy (t. e., 
the government) of the Animal Kingdom. But the latter, 
wherein Swedenborg, from the light of these universals, en- 
ters upon the particular study of the parts of brain and body, 
receives a new name, The Animal Kingdom. In both series 
the subject is "considered anatomically, physically and philo- 
sophically." 
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From a passage in the Economy^ it might BppcsLt that Swe- 
DENBORG intended to incorporate some part of his Economy 
into the Animal Kingdom ; for, in the latter work, speaking of 
the analysis of the blood, he says : "I have, indeed, made this 
analysis in the Economy of the Animal Kingdom, but it 
must be inserted in the present work in its proper place" 
f. e., as Part III. (A. K. 2i7d). Other references, how- 
ever, show that the Part III. of the Animal Kingdom on 
the Heart and blood, was to be quite distinct from the former 
treatise; for very frequently reference is made to the treat- 
ment of the blood in the Economy, and, at the same time, to 
Part III., where the subject of Ae blood will be further 
treated of (124a, 2581). Hence the "it" in the quotation just 
made, refers, not to the Economy, but to another "analysis of 
the blood." 

But when Part III. became due in the series it was omitted, 
the omission beii^ explained by the author in the following 
words which are written at the commencement of Part III., as 
published, but which, according to the original plan, was to 
have been Part VI. : 

In the index of the series of the whole work the promise was 
given that we wotild next (t. e,, after Part II.) treat of the Heart, 
its arteries, veins and blood; and also of the Members of Generation. 
. . . But the heart and its vessels and blood has already been 
treated of in our Economy of the Animal Kingdom. As to the 
members of generation, they must be treated of after we have learned 
what the animal spirit is and what the soul, for it is by these organs 
that the soul comes off from itself into the offspring. It would there- 
fore be premature, and so I myself would be unequal to the task, 
to deliver anjrthing concerning these members as instrumental causes, 
without a knowledge of the principal cause. I have therefore con- 
sidered that we must first ascend by degrees to the supreme sphere, 
from whence we may legitimately deduce the principles of things, 
and where we may speak of the soul with greater certainty and 
definiteness.'* {A, K. 407.) 

The reason here given for (xnitting Part III. on the Heart, 

is that it has already been treated of in a former work ; but 

elsewhere our author plainly intimates that this Part is 

omitted also for the same reason as that given for the omis- 

u 
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sion of the Part on Generation, namely, that further univer- 
sals must be learned before the enquiry can be further prose- 
cuted. The passage to which we refer occurs in the first 
draft of Part VI. of the Animal Kingdom, On the Senses, 
and reads as follows: 

We have prombed we would next treat of the heart, arteries, and 
blood; and then of the members of generation; but, further than 
what has been said of the heart, arteries and blood in the work which 
I have called Economy of the Animal Kingdom,— die matter being 
more deeply reflected on, — ^it is not allowed to advance our steps im- 
mediately and next' in order. For we learn what the blood is from i 
all things of the body. All the nooks and crannies through which 
it runs must first be investigated, namely, the viscera of the abdomen j 
and thorax, and especially the brain. (Senses 6.) 

It is clear, therefore, that when Swedenborg was publish- 
ing the Animal Kingdom it was his intention to supplement 
Transaction I. of the Ecommiy by another treatise on the 
blood, which should constitute Part III. of the Animal King- 
dom ; but that when he had finished Part II. he concluded to 
rest content with the presentation of the blood and the heart 
as given in the Economy, reserving to himself the right of 
going more fully into these studies in the light of his further 
investigations into the human body. 

But, in any case, his general plan stands forth clearly, that 
imiversals must first be treated of: First, The Blood, and 
the doctrine of Series and Degrees. Second, The Q>rtex and 
Its Motion; the spirituous Fluid and the Soul. Third, The 
Fibre and Animal Spirit, as the connecting link between brain 
and body; and Ae Doctrine of Forms as the key to the laws 
of ascent and descent. It was after these had been presented 
that Swedenborg proposed to enter upon the particular in- 
vestigation of the body and brain. The plan is the same in 
both the Economy (as projected) and the Animal Kingdom ; 
it was only the method of carrying it out that was modified. 
This may be seen from the following table setting forth the 
two series: 

Economy Series. Animal Kingdom Series. 

I. The three universals. (Trans, i. The two universals as given 
I.-IIL) in the published Economy. 
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2. The brain. (Tr. IV.-VI.) 2. The body, beginning with the 

mouth and tongue, and in- 
cluding the organs of gen- 
eration and sensation. 
(Parti L-VL) 

3. The body, beginning with the 3. The brain and the fibre. 

mouth and tongue; genera- (Parts VII.-XI.) 

tion, etc. (Tr. VII. seq.) 

4. The souL 4. The soul. (Parts XII.- 

XVII.) 

CONTINUATIONS OF THE "eCX)NOMY." 

Only two of the proposed three tmiversals are dealt with 
in the published Transactions of the Economy. But it is 
clear that the author had the distinct intention of following 
these published Transactions by a third to treat of the Fibre. 
This is shown by the numerous references (noted above) in 
the Economy itself to a proposed Transaction III on the 
Fibre and Animal Spirit; and it is rendered doubly certain 
by an advertisement contained in the second edition of the 
Economy published by the author in 1742. With the excep- 
tion of the title page and this advertisement, this second 
edition is word for word the same as the first, and it is quite 
evidently merely a re-issue of the printed sheets of the first 
edition with a new title page and a page of advertisement, and 
another of Etnendanda. 

The advertisement is entitled "Catalogue of books pub- 
lished and to be published." After enumeratii^ the Principia 
and otiier works already published, the Catalogue continues: 

FOUR BOOKS S(X)N TO BE PUBLISHED. 

I. The Medullary Fibre of the Brain and the Nerve Fibre of the 
Body. 
3. The Animal Spirit. 

3. Concordance of Systems on the Human Soul and its inter- 
course with the Body. 

4. Divine Prudence, Predestination, Fate, Fortune and Human 
Prudence. 

The announcement that tiiese woiics are ''soon to be pub- 
lished'' justifies us in concluding that at this time, 1742, they 
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were well in hand; otherwise the list might have been much 
extended, since the published Transactions of the Economy 
mention many otiier works as a continuation of the series 
there oxnmenced. But, in addition, the conclusion is sup- 
ported by direct evidence, in that, amcxig the author's MSS.» 
are found two of the above works both of which are in form 
prepared for the press. The one is the present work on the 
Fibre, and the other is the work on the Human Soul. 

The manuscript on the Soul is contained in codex 74, be- 
ing the last of the seven works contained in that manuscript, 
as noted above at the commencement of this Preface. It 
did not, however, form a part of this codex at the time it 
was written, for its pages are of a different size than the 
pages of the rest of the codex. Originally it appears to have 
been a not inconsiderable work ; but, at least, one-half of the 
original manuscript is lost As now preserved it reaches to 
page 80, though of these 80 pages two are blank and 34 are 
missing. Moreover, the manuscript ends in the middle of a 
sentence, and an examination o£ its contents and their scope 
makes it clear that there were a large number of pages fol- 
lowing page 80. That this work is the one referred to in 
the above list as ''3. Q>ncordance of Systems," etc., is in- 
dicated by its contents; for it at once enters into a discus- 
sion of the various systems that have been propounded re- 
specting the harmony of soul and body. And that it was 
prepared for the press, is clear from its finished style and 
from the circumstance that it is preceded by a Preface to the 
reader. In this connection, it is also worthy of note that in 
this Preface the author explains that instead of following 
his original intention "to comprise in a single volume" his 
'long meditations on the soul and body," he had "thought 
it most prudent to divide the labor" and to issue five or six 
publications a year under the general heading "Psychological 
Transactions" (Opus. Phil., p. 91-2). From which it would 
appear that it had been Swedenborg^s intention to write fur- 
ther on the soul before commencing the particular trans- 
actions on the brain and body, which were originally to fol- 
k)w the transaction on the Fibre. 
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The author has also left a manuscript on the Animal Spirit 
It comprises 24 pages and is bound in with the Fibre in oodex 
74, though, as we have already noted, it was not originally 
a part of this codex. Whether it is the work referred to in 
the List of bodes to be published is not certain ; its style, how- 
ever, clearly indicates that it is not prepared for the press. 

Number 4, of the list, the work on Divine Prudence, etc., 
is lost without any trace as to its whereabouts. That Swe- 
DENBORG actually wrote the woric is, however, explicitly stated 
by the author himself in, his posthumous work on The Soul 
(n. 56). Possibly it formed a part of the manuscript con- 
taining the work on the Concordance of Systems on the Hu- 
man Soul, and was lost, together with the latter part of that 
work. 

THE FIBRE. 

We turn now to tiie first work in the list of books to be 
published, namely. The Fibre. This is the work which is 
now presented to the reader. It forms by far the largest 
part of codex 74, as we have already noted. Its finished 
style and careful arrangement clearly indicate that it was 
prepared for the press, and there can be no doubt but tiiat 
it is tfie work referred to in 1742 as "socm to be published." 
Consequently it was written between 1741, the date of the 
first edition of the Economy, and 1742, the date of the sec- 
ond editicMi containing the advertisement of its publication in 
the near future. We may, therefore, fix the time of its com- 
position, or, at any rate, of its preparation for the press, as 
the latter part of 1741 or the beginning of 1742. 

As now preserved it is not complete; for it lacks both be- 
ginning and end. The first page of the manuscript has, at 
the head of the page, the title De Fibra; after this comes 
the work itself, conmiencing with paragn^h 58. In the right 
hand upper comer, the page is marked with the page num- 
ber "65." This would indicate that pages 1-64, containing 
parag^phs 1-57, and whidi are now lost, originally formed 
an integral part of the manuscript. But in the left hand up- 
per comer of tiie first page of the manuscript, p. 65, we find 
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the number ''2/' whidi would seem to indicate that the pre- 
ceding pages, 1-64, had never formed a part of the present 
manuscript, but constituted separate sheets, or were a part 
of a separate volume marked ''i." In any case the contents 
of these missing pages is indicated with some exactness in 
the text of the work itself ; and it is on this basis that we have 
endeavored to restore them. But this matter will be more 
fuUy explained in the Introductory Note to paragraphs 1-57. 

As we have already stated, the manuscript lacks not only 
the banning but also the end. Whether it was ever finished 
is, indeed, a matter of very reasonable doubt. For the last 
page of the manuscript (p. 433) ends with a ctuq>ter>heading; 
but the following seven pages are blank! This would indi- 
cate that here the author paused from the work, — a work 
which he never subsequently resumed. 

The evidence which we have advanced makes it indubitable 
that this work on the fibre is the Transaction III. on the 
Fibre so often referred to in the Economy, and tiiat it is also 
the work on "The Medullary Fibre of the Brain and the 
Nerve Fibre of the Body" advertised in 1742 as soon to be 
published. We have therefore felt justified in publishing it 
under the latter title and as Transaction III. of the Economy 
OF THE Animal Kingdom. The manuscript itself contains 
only the titles, ''The Fibre," "The Arachnoid Tunic," and 
"Diseases of the Fibre," — ^titles which are entered only at the 
head of the several parts of the work where these subjects are 
taken up. 

The general plan of the published transactions of the 
Economy was. First, the presentation of "Anatomical Experi- 
ence," and, second, an "Induction," first presented as a whole, 
and then taken up, part by part, and ccnnmented on at length 
in separate paragraphs. That this was the plan also of the 
present work, — or, at any rate, that the author oxnmenced 
the work on this plan, is clear; for many of the parag^phs 
are comments on parts of the induction, which, by themselves, 
do not form a complete sentence; see, for example, nos. 19, 
82, 135, 176. But in this manuscript the author has not 
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gathered up the separate parts of his induction into a single 
and introductory presentation, as in the case of the published 
transactions, though it is not improbable that he intended to 
do this when seeing the work through the press. So far 
as the first nine chapters are concerned this intention seems 
clearly indicated; and therefore in our translation we have 
introduced each of these chapters by an added paragraph 
wherein we present, as a whole, the various parts of the in- 
duction treated of in the chapter. After chapter IX, how- 
ever, this became impracticable. The style of the work there 
begins to change; the underscored or italic portions indicat- 
ing the inductions beccHne longer and tiie comment shorter, 
until finally the paragraphs consist almost entirely of under- 
scored lines. There is no change in the style of diction, which 
is maintained at a high standard throughout the work. The 
change is solely in the plan of treatment. In the beginning this 
is the same as in the Economy, but later the work becomes 
a simple treatise with little or no distinction between induc- 
tion and comment, — a mark perhaps of an intermediate stage 
between the plan of the Economy and that of the Animal 
Kingdom^ where the induction, or Analysis, as it is there called, 
forms the text and the comment is put in the shape of foot- 
notes. 

The author has included as a part of his work on The 
Fibre a treatise on the Arachnoid Tunic, — and this be- 
cause the arachnoid is the administrator of the juices around 
fibres and fascicles whereby these are preserved in their dis- 
tinctions and uses. He has also included a treatise on Dis- 
eases OF THE Fibre, as showing the effects in brain and body 
of disorders in the fibres; for thus their functions are seen 
the more clearly. 

The subject of diseases of the fibre is also the subject of 
another work by Swedenborg, but which is entitled by him, 
"Diseases of the Brain."' This work is contained in codex 
55 (reproduced in Photolithographed MSS., volume VI.), 
where it constitutes the appendix to what is called by the 
author "Transaction III., On the Cerebrum." This work on 
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the Cerebrum is a redraft of Transaction III. of that "first 
projection*' of which we spoke above as constituting the con- 
tents of codex 65. The work. Diseases of the B^in, is 
added at the end of the Transaction, but there is no inter- 
ruption in the paragraph numbers. At the end of no. 639 
come the words "End of Transaction III. ;" then follows the 
heading, "Diseases of the Brain/' after which comes the 
paragraph marked no. 640. The numbering continues from 
640 to 684, which is a part of chapter VI. ; the work itself,* 
however, continues without a break from chapter VI. to 
chapter XXXVI. The page which contains the commence- 
ment of no. 684, like all the preceding pages, is neatly writ- 
ten, but all the following pages, containing the unnumbered 
paragraphs, are apparently in the style of a first draft. The 
appearance of a first draft is ^)ecially evident in the page con- 
taining the continuation of no. 684; for at the top of this 
page we find a few lines which are the same as the conclud- 
ii^ lines of the preceding page; but these are crossed off to 
the point where the uncrossed portion constitutes a continua- 
tion of what has been copied on the preceding page. After 
Chapter XXXVI. come twelve pages of a first draft on the 
Skin and Tongue, prepared apparently as a part of the 
Animal Kingdom; and these are followed by the last page 
of the manuscript being a chapter on the Tarantula, and 
forming evidently a part of the work on the Diseases of the 
Brain. It would appear as if, originally, there had been two 
manuscripts, — one containing the first draft of the work on 
Diseases of the Brain, and the other containing the neat 
copy of Transaction III. on the Brain, as rewritten from the 
"first projection;" that, in this second manuscript, when the 
author had concluded the rewriting of Transaction III., he 
had commenced a redrafting of his work on Diseases of the 
Brain ; that, in the middle of no. 684 of this redraft he had 
abandoned the work of rewriting, and, tearing out from the 
first manuscript the pages already copied, had put the two 
manuscripts together as one, — crossing off, on Ae first manu- 
script or first draft, the few lines that had been copied to fill 
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the last page of the redraft; and finally that, at the end of 
chapter XXXVI. of the first manuscript there were originally 
several blank pages, which the author subsequently used for 
a first draft of a chapter on the Skin and TcHigue in prepara- 
tion of the Part of the Animal Kingdom on the Senses. 
Whether or not this supposition is correct may perhaps be 
determined by an examination of tiie original manuscript itsdf . 

The work. Diseases of the Brain, treats of all the dis- 
eases treated of in Diseases of the Fibre, and of none other ; 
but the fifteenth and last chapter of the latter work, of which 
we have only the title, is fully written out in' the former work 
where it constitutes diapter VII. The order of the sub- 
jects is entirely different in the two works, and, in general, 
the treatment in Diseases of the Brain is somewhat fuller 
though quite different in nature, and arrangement. Dis- 
eases OF the Brain commences in medias res with a diapter 
on Apoplexy; but Diseases of the Fibre has four intro- 
ductory chapters on the g^eneral subject of diseases. The 
former work is, for the most part, dearly a first draft ; while 
the latter is equally dearly a work written out for the press. 

These and some other considerations on which we need 
not dwell, seem to indicate that Diseases of the Brain was 
written prior to Diseases of the Fibre, and that the latter 
work is based in some measure on the former, — sentences fre- 
quently occurring which are identical in both works. On 
the other hand, at the head of Diseases of the Brain there 
is a marginal note reading: 'In place of a preface consult 
what I have written in 4to on Diseases of Fibres in general.'' 
If this "4to" refers to our present work then the latter would 
seem to have been written prior to Diseases of the Brain, — 
unless, indeed, which seems highly improbable, the author 
contemplated writing two works in which the same subject 
would be treated in two different ways. But the question is 
as yet obscure and judgment must await further investiga- 
tion. 

4c 4c 4c 4c 

It is needless to dwell upon the merits of the work here 
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presented. The woric itself is now before the reader. Ipse 
judicet. But we may be allowed to here place before a wider 
audience the brief but eloquent testimony penned by the editor 
of the Latin edition more than seventy years ago. 

"The literary style of this work (says Dr. Wilkinson) is 
concise and polished. Its order is everywhere vigorous, — 
after the image of the order of Nature herself whose servant 
and interpreter, nay, whose high priest, Swedenborg must 
in all justice be called. For his keen sighted induction pene- 
trates into the hidden recesses of the animal body and of the 
entire world; to each part does he attribute its prcq)er 
provinces and functions ; he illumines them! all with analytical 
and rational light; he fosters them with truly human heat, 
which is love; and, to an awakened thou^t and a new-bom 
reverence, he presents the entire organism as a work worthy 
of the Supreme Deity. He again joins soul to body. He 
grants and restores the empire of the superior over things 
inferior, of the spiritual over things natural. And so, our 
organic body, long the subject of bare anatcxny, is presented 
to us men, and, above all, to our mind, as animated anew. 
Thus haply we rise from the t<Hnb and corpses of dead sci- 
ences to the living and gladsome lights of divine philosophy ; 
and, with sure faith firmly established, we wait with joy for 
more enlightened times. To God be the glory." 

AuFRED Acton. 
Bryn Athyn, 

January, 1918. 



THE FIBRE 

From Experience. 

Note. The original manuscript of the Ai^thor's work On the Fibre, 
commences with n. 58. No trace of the preceding 57 paragn^hs has 
ihxis far been discovered. It is evident, however, from references to 
them in the body of the work itself, that they consisted of excerpts 
from the anatomists. The order in which these anatomists are cited 
is established by references in the text, as follows: nos. 5-8 Wnxis 
(since, in his works on the Brain the author nearly always begins his 
citations with Willis, it is probable that nos. 2-4 are also from this 
anatomist); 12-15, Bartholin; 16-18 LANasi, Visussens and 
Ridley; 19-21 Malpighi; 22-43, Leeuwenhoek; 45-51 Boer- 
HAAVE. Of the references given in the author's text, some are 
quite explicit, and plainly indicate the paragraph number referred to; 
others give merely the name of the anatomist with a more or less ex- 
plicit mention of the subject on which he is quoted, but without refer- 
ence to a paragraph number; in the latter cases we have bracketed the 
paragraph number to which the reference is now assigned. At the end 
of each paragraph of the reconstruction we have appended the refer- 
ence to the text of the present work on which the reconstruction is 
based. 

[x.] This paragraph probably contained a general statement by the 
author himself introductory to the citations that followed. Confer the 
similar plan f<^owed in n. 328.] 

[a.] Wnijs (Cerebri Anatome, Lond., 1664). Within the cavities 
of the sinuses and within the interstice between the cerebrum and cere- 
bellum are found many fibres, or, as it were, somewhat large and nerv- 
ous cords, such as we observe, variously stretched out, in the ven- 
tricles of the heart AA^thin the sinuses, and constituted of the various 
processes of the dura mater, is a winding cavity manifoldly divided into 
many little cells, as it were. ... In addition, moreover, to these 
intricacies and little cells of the membrane, one may observe in ^e 
heads of quadrupeds, that in the whole cavity of the sinuses, many cords, 
or, as it were, ligaments, are everywhere produced from one side to 
the other. The office of these cords is, in part, that they may hold the 
sides of the cavity within their appointed limits of opening and dilation ; 
lest they be unduly distended by the vehemently onrushing blood, so as 
to compress the cerebral way. . . . That these interior processes, 
and, as it were, transverse cords of the sinuses are conducive to the 
more convenient return of the blood, we gather the fact that in beasts 
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of burden in whose brain (because they feed and walk with ^eir heads 
downwards and forwards) there is greater danger of an inundatioa 
of blood, these processes are notably large. (Ch. vi. pp. 85-6, 87-8.) 
[Fib. 12^ 17a] 

[3.] The pia mater lines the openings of all the tortuous windings 
of the cerebrum; it girds the interstices of both hemispheres; it holds 
in connection ^e posterior part of the cerebrum which otherwise would 
hang loose and lax; and, surrounding its border as with a fringe, con- 
nects it witii the medulla oblongata. In sum, the entire cortical sub- 
stance of the cerd>rum is covered over by this membrane which is beset 
with a great number of vascular plexuses. It does not, however, in- 
vest the interior surface of the expanse of the cerebrum, — ^which is 
called the corpus callosum, and is entirely medullary and white. . . . 
But within all other recesses of the cerebrum, and also within the folds 
or layers of liie cerebellum, and the interstices both of these two bodies 
and of the medulla oUongata, this membrane insinuates itself and is 
entwined between the distributions of the vessels, (i, pp. 16-7.) The pia 
mater is much finer than the dura mater and consists of a most subtle 
fibrous texture. . . . Although this membrane is so delicate, yet 
it is evenrwfaere overlaid with arterial and venous plexuses, and, to 
some extent, is interwoven of them; so that it irrigates all the spaces 
of the cerebrum and cerd>ellum with innumeraUe rivulets. For, stnoe 
the region of bolii brains, and especially of ^e cerebrum, is extremely 
tortuous, this membrane is attached to the deepest furrows and the 
highest ridges of these tortuous windings and gyres, and this in sudi 
way that the larger foldings of the vessels are laid down in the 
valleys, as though hidden for safety. . . , That the wonderful 
diffusion of the membrane into all ^e tortuous windings of the cere- 
brum, and the distribution of the vessds through their inmost recesses, 
may be the better observed, let the head of a man, ot even of an ani- 
mal, who has died of cerebral dropsy, be opened; for in such subjects 
the brain abounds with great humidity, and the little bonds whereby 
this meninx is fastened to the substance of the brain are loosened, so 
that the membrane with its plexuses of vessels can easily be drawn away 
and pulled off almost entire. With this pulled off, die folds of the 
cerebrum will then be bared, and the insertions of the vessels into the 
deeper cerebral substance will also be perceived. But in a healdiy or 
dry cerebrum the pia mater clings so closely that it can hardly be 
drawn off anywhere, or separated with a scalpel, (iii pp. 89-90.) [Fib, 
172,82,] 

[4.] As regards the blood vessels which cover the pia mater, we 
observe that the arteries and veins, running to each other from oppo- 
site sources, not only immediately deliver themselves of their burden 
by means of individual inosculating shoots, as in other parts of the body, 
but that, being everywhere twisted together and interwoven, th^ 
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constitute remarkable plexuses in which, for the most part, are inserted 
an immense number of minute glands. Such plexuses may be seen 
. . . scattered everywhere throu^^ut the whole circuit and the in- 
tenor recesses of the cerebrum and cerebellum, and especially between 
the openings of the tortuous windings and interstices. This is seen 
more clearly in the humid or dropsical brain, where the glands, ordi- 
narily so minute as to flee the sight, being swelled by moisture, are 
easily perceived, (vi, pp. 96-7.) The cortical substance secerns and 
takes up liquor immediately from the blood, and, imbueing it with a 
volatile salt, exalts it into pure spirits. It is obvious to everyone that 
the arteries enter the cortex of the brain by the insertion of an abund- 
ance of offshoots, and instill into it a spirituous liquor; whereof the 
siq>erfluous part is absorbed and carried off by venous ducts, while the 
more subtle portion thus bestowed, goes into spirits. Indeed the blood 
irrigates the medullary substance only in very small quantity. . . . 
The volatile salt which, like a ferment, subtilizes the subtle liquor dis- 
tilled from the blood, is copiously contained in the cortex of the cere- 
brum rather than in its center. For the cortex, endowed with a 
cineritious color, shows by its aspect the spermatic parts with their con- 
tained humor, wherein is a great abundance of spirit and volatile salt; 
nay, by its ammoniacal odor it imitates such parts, (x, p. 126.) [Fib. 
128, 197] 

[5.] Under the term Nerves we comprehend all those parts, fur- 
nished with animal spirit, on which motions and sensations necessarily 
and directly depend. ... In respect to the encephalon and the 
medullary appendix, these parts are like a branching shoot growing 
about the trunk of a tree; that is, if we take the cortical substance of 
the cerebrum and cerebellum as the roots, and the whole medullary sub- 
stance as the stem and bark, then the nervous germination into divari- 
cations of nerves and fibres will appear like expansions into branches, 
twigs and foliage; or, if the encephalon, containing the principal part 
and potency of the sensitive soul, be taken as the body of some luminary 
and sun or star as it were, the nervous system will be like a radiant 
concretion surrounding it (xix, p. 2j6.) [Fib. 127.] 

[6.] Whenever I have opened the bodies of certain persons who had 
died of long standing paralysis and a most grievous dissolution of the 
nerves, I have always found that the corpora striata were less firm than 
any other parts of the cerebrum, being discolored like dregs and with 
many of the striae oUiterated. Furthermore, in new-bom pups who 
were without sight and could hardly carry on the other faculties of 
motion or sensation, these striae, being scarcely fully formed, are seen 
to be merely crude, (xiii, p. 1591) [Fib, 167.] 

[7.] In certain animals the structure of the cerebrum is divided into 
two parts or hemispheres distinct from each other throughout almost its 
whole thickness. . . . Furthermore, in man, whose cerebrum is 
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more capacious and ample than that of the other animals, eadi hemi- 
sphere is again divided into two lobes, an anterior and a posterior, be- 
tween which runs a branch of the carotid artery, like a brook between 
two boundaries, distinguishing them into two provinces, as it were. 
. . . The cerd>rum is thus like a citadel divided into many bastions 
or forts that it may be the better guarded, and more difficult of attack. 
Nay, within the several above mentioned partitions, the whole structure 
of the cerebrum is seen to be still more divided and variegated For 
its whole exterior surface is everywhere rendered uneven and tortuous 
by gyres and convolutions almost like those of the intestines. These 
gyres, proceeding by a sinuous winding, and, as it were, a spiral circuit, 
from the anterior part of the cerebrum to its posterior, surround bodi 
its hemisi^eres, one circumvolution succeeding another in a continued 
duct. In the moist cerebrum, or one that has been kept for some time, 
the delicate meninx that invests the several parts and binds them to- 
gether is easily pulled away; and the gyres and folds being then opened 
and drawn apart, the substance of the cerebnun is seen to be as it 
were ploughed into furrows; from which furrows arise the summits or 
ridges of the tortuous windings, not in a straight series but crosswise; 
in such way, namely, that at the bottom of any given furrow a con- 
volution rising on the right side is carried to the left; then, imme- 
diately following it, another convolution is set up, emitted from the left 
side to the right; and in this order the inequalities of the whole cere- 
brum are alternately variegated, (x, p. 122-3.) The cerebellum with 
its gyres and convolutions, is not variegated in an tmcertain way like 
the cerebnmi; on the other hand, its folds are disposed in a certain 
ordered series; for its exterior structure is seen to consist of lamellae 
or rings, mutually contiguous and folded together, and girding the 
whole circuit in a parallel situation. Both regions of the cerebellum, the 
anterior and posterior, are terminated in the vermiform process. Near 
these termini, as in twin-poles, these circles become very short; ascend- 
ing thence towards the summit, as to an equator, they gradually en- 
large like the parallel lines in the sphere. These circles are cortical 
without and medullary within, and the medullary substances of all 
of them pass over into two large central cores which, indeed, seem to 
be the same in the cerebellum as the corpus callosum in the cerebrum, 
(iii. pp. 41-2.) [Fib. 69, 89.] 

[8.] The nerves are white, smooth, and round Within tiie cranium 
and near their origin where they are covered .only by the pia mater, 
they are softer and more easily disrupted; outside the cranium, where 
a number of them are almost always colligated together and are also 
invested by the dura mater, they are somewhat harder and firmer. The 
nerves themselves, as may be detected by means of the microscope, are 
furnished throughout their whole extent with pores and passages as 
with so many cavities thickly set in and mutually contiguous. Thus 
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thdr syrtnge-lik« substance, like Indian cane, is everywhere poroos 
and pervious. Within these little spaces, blandly spring forth animal 
spirits or corpuscles extremely subtle and of their own natture ever 
prone to motion ; to which is adjoined an aqueous humor, itself consist- 
ing of extremely subtle parts, which serves both as a vehicle and also 
as a retainer. . . . This nervous juice derived from the cerebrum 
and cerebellum into the medullary appendix, is carried thence, by an 
ever bland flow, through the nerves into the whole nerve family^ and 
irrigates its entire system. On the equable emanation of this fluid de- 
pends the expansion of the animal spirits throughout the whole system. 
And the substance of these spirits, yea, the hypostatic substance of the 
sensitive soul itself, is founded on the di£Fusion of this same humor, 
(xix, pp. 242-3.) [Fib. 297, 142, 188.] 

The reader should consult plates V, VI, VII and VIII in the autiior's 
De Anima Brutorum, and plates I, VII and VIII in his Cerebri Anatome, 
exhibiting the connections between the fibres of the cerebrum and tiiose 
of the cerebellum. [Fib, 91, 147.] 

[9.] Pacchioni. After you have carefully cut away the cranium 
and turned over, from the forehead to the occiput or to either side, a 
not inconsiderable portion of the dura mater in such way that the 
stronger cohesions of the two meninges still remain; and then shortly 
afterwards have wiped off the dew of the meningeal substance, you will 
see new drops coming from the substance, and the same kind of moist- 
ure, and this even without any pressure of the finger, — ^a most sure 
proof, not only that the pia meninx is for some reason externally 
pervious and perforated, but also that in its foramina or punctures 
trickles something of the nature of lymph. Moreover, what shall I say 
respecting that oleaginous lymph which is found between the pia 
meninx and the tortuous and deep anfractuosities of the cerebrum! 
This is by no means supplied by the cortical glands of the cerebrum 
and cerebellum, for after you have wiped off the latter you will cer- 
tainly not observe anything of the nature of humor flowing out there- 
from. Nay, the reverse, since the entire inner surface of the pia meninx, 
after being further wiped, always moistens, and abounds with a whitish 
mucus springing from every direction, and this even though it be 
torn away from the dura mater; wherefore it seems impossible not to 
acknowledge the true sources of this abundant humor as being in the 
porosities and lymphatics of the pia mater. . . . That this same 
lymph abounds in oily particles needs no better proof than sight and 
touch. If you use your eyes, the pia mater will be discerned, in some 
cadavers, to be sprinkled over with innumerable round and whitish par- 
ticles, — a fact to which my attention was called by an observation of 
that most diligent anatomist Ruysch to the effect that in various places 
the pia meninx is rich with fat. Moreover, if you touch the cortex of 
the brain with your fingers, you will not fail to notice that it is ex- 
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tremely smooth as though suffused with a most subtle oil, a fact which 
I have learned, not without admiration, from a vast number of dissec- 
tions of cadavers. The truth is also placed before our ores by the 
concretions and hydatids of the lymphatics of the pia meninx, wherein 
we have sometimes seen oil floating at the surface; that is, have seen 
that the lymph is filled with oily particles of this kind. {Opera, Romae, 
1741, pp. 1 18-9.) [Fib. 343, 197, 355] 

[xa] From these glands* emerge innumerable threads which are so 
many excretory vessels. These lymphatic vessels (so he calls them), 
intimately associated and entwined with blood vessels from the dura 
meninx, are imi^anted in the pia meninx and adhere thereto with the 
utmost firmness, by the aid not only of blood vessels, but also of many 
fibres which come from the dura meninx. ... A great many of 
these glands seem also fastened upon, and, as it were, engrained in the 
pia meninx. When these vessels are broken they pour out a liquid. 
. . . Whether all the lymphatic vessels are contained under the 
plexuses of blood vessels, is a matter of not unreasonable doubt; for 
very often, on breaking the connection between the dura meninx and 
the pia, there come to sight a great number of glands fastened, and, as 
it were, engrained upon the latter; wherefore, and also by reason of a 
certain dew, like a very white mist as it were, which remains spread 
over the pia meninx, I inferred by a bold conjecture that, in addition 
to the above mentioned insertions and ligatures, there are also im- 
planted in it very small lymphatics. Therefore, by investigating more 
attentivdy beyond the exposed complication of vessels, and by slowly 
pulling the one membrane from off the other, I noticed that both 
were, in addition, connected by thin threads as it were, which emerge 
from the glands of the dura meninx. These must be stretched out to a 
certain length, when, being broken, they will wet the finger, if applied 
thereto, with a clear humor. The progression of these lymphatics, at 
least within the pia meninx, is not very difficult to follow, since by 
adhering to the sides of the blood vessels, they accompany the latter and 
follow their every least ramification; for they are seen both on the 
surface of the pia meninx, and in the separate portions thereof which 
clothe the windings of the cerebrum, — upon which latter they bestow a 
not inconsiderable moisture. When these portions are e3qK>sed to the 
light they exhibit most slender white vessels not unlike the substance 
of the pia meninx, and for the most part interlaced with blood vessels 
. . . Although the pia meninx invests the cerebrum everywhere and 
pervades its cortical gyres and interstices and the walls contiguous to 
the falx down to the corpus callosum, nevertheless it is always asso- 
ciated with lymphatic vessels; but I am not yet able to say whether 
these penetrate the medullary substance, although I applied all intelli- 
gence to the enquiry. (lb. pp. 128* 130.) [Fib. 355, 197, 172.] 



*The glmnds of the longitudinal siniis now called tke Pioctonian glands. 
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[xi.] Barthchjn (Anatome, Ludg. Batav^ 1686). The ex- 
ternal part of the cerebrum is properly and strictly called the Cerebrum, 
and is that whole soft portion, forming the external circumference, 
which appears of a dneritious or yellowish white color. . . . This 
external substance is as a cortex or bark; particles whereof, according 
to Malpigfai, are also found in the ventricles, at the beginning of the 
spinal medulla,* and in the long spinal tract outside the brain. The 
internal part is the rest of the cerebrum, hidden from sight, somewhat 
harder and more compact, and of a whiter color, which may be called 
the medulla or marrow; wherein, and not in the cerebrum itself, are 
situated the ventricles, commonly so called. . . . The external surface 
of the cerebrum is anfractuous, having various convolutions and gyres 
like those of the intestines; of which gyres it must not be said with 
Erasistratus, that they are made for the sake of the intellect, since 
asses also have them ; nor as declared by Aristotle, for the sake of light- 
ness, since they are wanting in such fleet animals as mice, hares, 
rabbits; nor, as others think, as being without an end or tise; but as 
existing in order that the vessels of the cerebrum may be the more 
safely conducted throtig^ these windings without danger of rupture 
from the continual motion. . . . The substance of the cer^rum 
is peculiar, such as is no other in the whole body. Hippocrates likened 
it to a gland, by reason of its color and abundant humor. It is soft and 
moist in order to the more easy impression of images and concepts, 
for it is the seat of imagination. It is not so soft, however, as to flow 
apart, but it has a consistent softness, so that what is impressed may 
remain for some time; for the cerebrum is also the seat of memory. 
. . . The Cartesians make the cerebrum to be woven of soft and 
pliable fibrils, mutually contiguous, and with porous interstices; by 
which fibrils the images of objects are impressed on the cerebrum. 
(Lib. iii, Ch. iii, pp. 468-472.) [Fib, 58, 80.] 

xa. The nerve is the common organ, long and smooth, for the animal 
faculty and for the conveyance of the animal spirit which is to be 
carried off to the parts of the body. . . . Aristotle held that they 
arose frcmi the heart, and he is followed by Alexander, Averroes and 
Apcmo; they say, however, that this origin is by means of the brain. 
Others, such as, of old, Pythagoras, and, in our own time, Cesalpin, 
Reusner, Hofman and Martian, hold that the nerves are nothing but 
veins and arteries continued, and finally become nerves; not correctly, 
however, for we see in the brain no conjunction of nerves and arteries 
by anastomoses; moreover, when one of the arteries of the head is in- 
jured or cut, no convulsion follows; and lastly, the distinct origin of 
the nerves can be seen in the brain, just as that of the arteries in the 
heart ... A matter or blood is supplied by the arteries to the 
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brain and its membranous parts whereby the animal spirit is renewed; 
for this purpose also arteries are inserted in the nerves, as is the case 
in the brain, and especially in their tunics^ Willis has well said that "as 
flesh, membranes and bones are all irrigated with blood, so, by aid of 
the microscope, we are aUe to detect that the least bodies of certain 
nerves, together with their fibrils, are girt about with arterial and ven- 
ous capillaries." • . . The end and use of the nerves, is, that, like 
canals, they shall convey the animal faculty received with the animal 
spirit from the brain, to the sensory parts, as to the eyes, ears, etc; to 
the motory parts, as to the muscles; and to almost all parts, that, in 
general, they may sensate and may recognize the things that bring them 
discomfort. Therefore, the nerves inserted in the parts bring to those 
parts either sensation or motion, or both. Nor can there be any 
voluntary action, nor any sensation, without a nerve; and, therefore, 
when the nerve is cut the part is at once deprived of sensation and 
motion. (Libell, iii, cap. i, pp. 659-660.) [Fib. 128, 142.] 

13. In shape, the nerves are long, round, and smooth, like channeb; 
but without a cavity, which could be found neither by myself by in- 
flation or the stylus, nor by others by the microscope; thus unlike veins 
and arteries; for these, together with spirit, carry also blood, while 
nerves carry spirit alone without blood. . . . All nerves, like Indian 
cane, are without any manifest cavity. But, lest the penetration of 
their bodies be impossible, they have pores through which the subtle 
spirits flow. . . . The nerves, moreover, without exception, consist 
of many nervous fibres or filaments mutually held together by little 
membranes. . . . Descartes supposes that the nerves have valves 
which, when open, admit the animal spirit, and when closed, prevent its 
return. . . . But it would seem possible for the spirits to be re- 
tained in the parts, since the soul which has directed them to the valve 
directs them further to the parts themselves; for up to the present, no 
anatomist has ever observed valves. Nor are subtle spirits impeded 
by valves. Nor, finally, could apoplexy or paralysis easily occur if the 
spirits could be held in the parts by valves. Descartes rejoins that, by 
a general law. Nature has set them in all parts of our body, whereby 
all matter should be led in its accustomed path and be prevented from 
returning. But Nature has made this provision for material things not 
for things subtle and spiritual. {lb. pp. 662-5.) [Fib, 209, 188.] 

14. The nerves are not all equally hard or soft; hence, with Galen, 
some are soft and others hard. The former he calls sensory nerves, 
and the latter motory. The hard nerves are more suited for motion, 
and the soft for sensation; therefore the organs of sensation receive 
the soft nerves, in order that these may be affected and may be passive 
to external sensations. But all parts that have voluntary motion re- 
ceive the hard nerves, because what is hard is more suitable to actioUr 
and what is soft to passion, (lb. p. 666.) [Fib. 297.] 
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15. The use of all tiie nerves is to carry animal spirit to all the 

parts, for the sake of sensation and motion, as is evident from their 
injury. For when obstructed in their bei^^inning— if the obstruction be 
total, both sensation and motion perish and apoplexy results, or if it 
be on one side there is privation of sensation and motion on the other 
side; if they be cut, the motion of the side into which they were in- 
serted is destroyed (lb. p. 666.) [Fib. 142.] 

z6. Lancisi (De Motu Cordis, Roms, 1743.) Fallopius was the 
first to detect the natural ganglia of nerves, that is, those which exist 
in a state of health; and by reason of their figure he called them 
Olivary Bodies. {De GangUis Nervorum^* p. 397.) There is no one 
skilled in the dissection of animals or men, who does not know that 
from the cervix throughout the abdominal region there are found in 
the trunks of the nerves little ganglia or rudiments of ganglia, in 
which nerves of different orders come together and form a larger and 
somewhat harder stem out of which, as from a trtmk, little branches 
afterwards go forth and are distributed. No definite number can be 
assigned to them, for, in their construction, as observed by their dis- 
coverer Fallopius, nature has used great variety. . . . The nerve 
branches which go forth directly from true ganglia are fleshy and 
muscular and go off into various kinds of nervous tendons as it were; 
when, afterwards, they are distributed to one or other of these, they 
are in like manner invested with a tendinous tunic, and frequently 
form a plexus, — which is not to be considered as a new ganglion, but, 
for the most part, as a portk>n or member produced and prolonged 
from the upper ganglion, (lb. p. 396.) Some nerves,' enclosed only in 
a loose membrane as in a sheath, are seen to turn off into various 
branches by simple departure and disjunction from their associate 
nerves. Of a truth, however, such nerves had already been profoundly 
distinct from each, other even in the medulla spinalis and in the brain 
itself, although they took their course side by side. Other nerves, 
again, strongly protected by a more robust tunic and interwoven with 
6bres not only externally but also internally, depend on some superior 
ganglion. Nerve complications of this kind (often called nerve 
plexuses) are not to be considered as absolute and perfect ganglia as 
soon as they sw^ into a slightly oval or barley-shaped figure; but they 
are to be taken either as offshoots of superior ganglia, or as colliga- 
tions of a number of nerves such as nature herself sometimes weaves 
by a certain arrangement between the perfct ganglion and the simple 
tunic (p. 399.) 

The true ganglion is seen to consist of two cones commingled in their 
bases and joined together in the their middle portion, the upper apex of 



*Tliit littk treatise is printed as an appendix to the edition of Dt Moim Cordis 
noted above. 
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these cones constituting the beginning, and the lower the end or tail. 
... It is described by Fallopius as "a longish body of the shape of 
an olive, flesh-colored in appearance and nervous in substance, and 
somewhat hard." Willis adds that "the plexuses are like knots in the 
stem or trunk of a tree." Vieussens gives a more accurate description 
of the texture of the ganglia, as he calls them, when he affirms that 
"they are woven of nervous fibres, arterioles and little veins covered 
over with pia and dura mater;" he adds that "their larger fibres 
emulate fleshy fibres both in color and in substance." . . . But so 
far as I know, no one has followed up the internal substance of the 
ganglia, or rightly searched into the order of their fibres, the beginning 
of these fibres, their situation, and the manner in which they go off. 
(p. 400-1.) 

In order that the mttscular complexion of fibres in the ganglion 
might be made more plainly apparent, we selected the largest ganglion 
(the superior cervical) in our body. . . . After the intercostal 
nerve* has passed through the foramen of the cranium it receives sev- 
eral branches from other nerves, namely, the optic, the ocular-motory, 
and also the gustatory and auditory nerves. Therefore, the nerve of the 
ganglion is made up of a ntunber of nerves, which, gathered together 
into a fascicle, seem gradually to embrace the internal carotid until it 
gets new supplies of fibres both from the posterior nerve of the par 
vagiun, and from the motor nerves of the tongue. Near the seomd 
cervical vertebra, the nerve, thus enriched with fibrous shoots, then 
enlarges to a ganglion, (p. 402.) 

The ganglia are never appended or attached to a single nerve only, 
but they admit, collect, commingle and colligate many nerves. Of 
these, some penetrate the ganglia from above and almost perpendicu- 
larly; some transversely or obliquely. Most of them go to the internal 
substance of the ganglia, but some are distributed only to the membranes 
or outer covering. Wherever a true ganglion is found, the more con- 
spicuous nerves which penetrate to its internal and almost medullary 
substance, both from above and from below, appear reddish, or slightly 
tinged with a sanguineous purple; while the other nerves which pro- 
ceed, either from the brain or from the medulla spinalis, without 
ganglia, and especially the par vagum and its branches before they 
commingle with the ganglion, are entirely white. Everywhere within 
the ganglia are observed blood vessels flowing in and out, and visibly 
derived from the neighboring trunks. The mass of a ganglion is larger 
than the aggregate of all its ingredient and egredient vessels; from 
which circumstance, we must conceive for their production the neces- 
sity of the concurrence not only of the ordinary vessels, but of some 
peculiar body, raised up not so much by the coherence and complica- 
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tioQ of the above mentioned nerves and blood vessels, but by new or- 
ganic parts. 

It is now time to spread before the reader our observations respect- 
ing the internal substance of the ganglia. We took the upper ganglion 
in the neck, which is the largest of the ganglia; and generally the left 
ganglion, both in man, and, for the more easy discerning of its small 
parts, also in the horse. In both cases we noted that this ganglion is 
located between the first and second cervical vertebra near the internal 
carotid and under the jugular vein and the vagus nerve. It receives 
its arterioles from the internal carotid and sends its veins into the 
jugulars; it takes many nerves from the par vagum. With respect to 
lymphatics we dare make no afiBrmation since none came under our 
eyes, but we deem it probable that some will be found there ; for where 
there is a sheathing tunic there lymph ducts are usually present. 

The ganglion is involved in three membranes, — ^which tunics, we 
doubt not, take their origin from the membranes of the brain, though 
around the ganglion they slightly increase and thicken by the accession 
of new fibres. The outer of these membranes invests the ganglion 
loosely like the tunica vaginalis invests the testes; so that if com- 
pressed with the fingers, the entire body of this ganglion is seen to slip 
out hither and thither like an inner kernel and to slide off in any 
direction whatever. This membrane is contextured of somewhat gross 
fibres ai^roaching the nature of muscular fibres, and which, by reason 
of being mingled with blood vessels, are of a reddish hue. On its in- 
ternal surface it is lubricous, being softened, like the pericardium, by a 
mild fluid . . . The second membrane invests the ganglion some- 
what closely, and is distinguished by finer fibres, but more complicated 
and coherent with each oUier. The third membrane is wholly tendin- 
ous, and is so closely conjoined and interwoven with the body of the 
ganglion that it can in no way be separated from its surface without 
being torn and lacerated; it deserves therefore to be called a circular 
tendon whose fibres are wholly continuous with the fleshy fibres of 
the ganglion itself. The small and smooth nerves, or rather nerve 
tendons, not yet deprived of their membranes, that go from the gang- 
lion to the neighboring parts, especially the muscular parts, and the 
blood vessels,— more particularly the arteries, — of the praecordia, are 
taken not from the external membrane of the ganglion but from its in- 
terior substance, (pp. 403-5.) 

Its reddish nervous branches are carried to the muscles of the neck, 
pharynx, larynx, and tongue, and to the membranes of the neighbor- 
ing parts. . . . Fibres of this nerve descend by the oesophagus and 
are scattered and disseminated through the orifice of the stomach, the 
intercartilaginous membranes, the muscles of the trachea, and every- 
where in the bronchia. Other nerves are carried to the neighboring 
arteries, especially the carotid. . . . Some go straight down as far 
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as the trunk of the aorta and with the latter go to the substance of the 
heart; muscles go all the way to the extremities of the arteries and 
their insertions into the muscles and the beginning of the veins. . . . 
A not inconsiderable nerve' after penetrating the thorax between tiie 
mediastinimi and the pericardium proceeds to the heart. Moreover 
the nerve from the cervical and second ganglion wonderfully inter- 
mesh with the cervical nerves and the branches of the par vagum, with 
the intercostal nerves which go out from the dorsal vertebrae and 
with the fibres of the phrenic nerve, (pp. 406-7.) 

When the ganglion has been boiled and completely divested of its 
covering of tunics and laid bare, it exhibited to our sight on its outer 
surface a kind of nervous network tenaciously entwined in its mem- 
branes. Under this network and arranged in elegant order are seen 
fleshy fibres extending from the vertex of the ganglion to its lowest 
point; and which were so arranged that they seemed to resemble the 
beautifiil rind of a melon divided by furrows into equal segments. 
Moreover, emerging from the intermediate commissures of the fibres 
are found innumerable fibrils which are joined to the inner tunic and en- 
twined therewith. Whenever the ganglion is forcibly freed from its 
membranes and uncovered, these fibrils are necessarily rent and torn. 
After the ganglion had been long boiled we commenced to gently open 
and loosen it with our nails on both sides, until gradually we came to 
the centre. The internal substance of the ganglion was then seen to be 
compacted of the most delicate fibres which almost escaped the naked 
sight ; but when examined by the microscope, it became plainly apparent 
that they were fleshy fibres, and that they proceeded from a white 
tendon which, like an axis, was stretched in a straight line from the 
upper to the lower point of the ganglion. These fibres are carried from 
the above mentioned fibres, as from the stem of a feather, not only 
from both sides but also in every direction, or like rays directed to the 
entire surface. The entire body of the ganglion may therefore be said to 
be framed of two kinds of tendons, and of a double series and direc- 
tion of fleshy fibres; for the first tendon is external and is made up of 
the two outmost membranes and of the scattered little nerves running 
through them, — by which tendon the whole mass of the ganglion is not 
only covered but is also protected and strengthened for the exercising 
of muscular force. The second tendon, descending through the centre 
like an axis, is that from which the pinniform fibres are observed to 
arise, or, at any rate, to which they are bound (p. 407.) Since the 
fleshy fibres are of this twofold order, it must of necessity be, that 
when either order of fibre is stretched by some fresh curling or swelling 
induced on the individual fibres, it becomes shorter, and by reason of 
this, the upper and lower points of the ganglion are brought consider- 
ably nearer to each other, or, from being of a spheroidal figure the 
ganglicm approaches more to the figure of a sphere. But since in this 
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contracting or decnrtating motion it can never happen that the upper 
vertex will descend much to the lower, since the former is strongly 
attached to the fnlcrmns of the bones of the vertebrae and cranium by 
nerves and membranes, it follows of necessity, that the lower point 
will ascend the more to the ui^r and will draw with it its tendons 
and the parts wherewith these tendons are bound and colligated, (p. 

4091) [F»5. 237.] 

17. ViEUSSENS (Neurographia Universalis). The brain consists 
of two distinct substances, a dneritious and a white. The cineritious 
substance is much softer than the white. When more closely inspected 
through the microscope, it is seen to be composed of innumerable 
globules combined together, and, to a certain extent, emulous of the 
figure of an oval; so that it closely resembles a body made up of 
conglobate glands. These glands mutually compress each other. Hence 
arise obtuse angles, as observed by the learned Malpig^, which are 
distinguished from each other by little intermediate spaces that are al- 
most equal. This is proved by an experiment in which spirit of wine 
colored black is poured upon the cortical substance of a brain that has 
been boiled and then stripped of its pia mater; the spirit of wine so 
enters into the little spaces between the external glands of the cortical 
substance, that after it has been gently wiped away with a piece of 
cotton, innumerable little portions of it will be easily seen, even with- 
out the microscope, occupjring the said spaces and showing up the 
glands which they surrotmd. This would not be the case if the cor- 
tical substance consisted of particles of a shape other than oval or 
oblongo-rotund ; for, being very soft, they would lie so close to eadi 
other that not even the least space would be left between them for the 
reception of the dark-stained spirits of wine. . . . We, therefore, 
assert with Hippocrates that the brain, in part at least, is glandular. 
"The head (says he) also has its glands, namely, the brain which is 
like to a gland;" and he adds, 'Tor the brain, like a gland, is white 
and friable." (De Gland. VII.) The cineritious substance either occu- 
pies the outer circuit of the cerebrum and cerebellum, whose medulla it 
penetrates to some depth ; or it is found in the very centre of the cere- 
brum, or in the medulla oblongata. When it occupies the outer circuit 
of the brain it is called cortex, cortical substance, or external cineritious 
or glandular substance. The white substance of the brain, whidi we 
shall call the medullary substance and sometimes the medulla, is made 
up of innumerable fibrils connected together and distinguished into many 
fascicles as it were. This is plainly apparent when this substance is 
boiled in oil, for it may then be easily divided into those inntunerable 
fibrils, of the mutual connections whereof it is made up. In their 
natural situation these fibrils lie so close together, that is, when there 
are no glandular particles between them, that no least space can be 
observed between them, and they constitute one continuous body. . . . 
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In ^e cerebrum, cerebeilum and medulla oblongata, this white sub- 
stance is so closely apirfied to the dneritious substance, that the two 
coalesce. And yet they are utterly different from each other; for, be- 
sides their difference in color, the white is harder than the dneritious, 
and has narrower pores. . . . Moreover the dneritious substance 
is seen to be made up of oblongo-rotund particles emulating globules; 
while the medullary substance consists of somewhat long fibrils, vari- 
ously inflected, which are so enfolded in each other, and so intercom- 
municant, that they produce the appearance, as it were, of a spongy body 
through which runs the animal spirit in many distinct and inexplicable 
ways, so that it accomplishes within it many distinct and inexplicable 
motions, for the diverse ratio whereof thoughts are exdted in the soul. 
(Lib. I. De Cerebro, cap. x.) [Fib. 197, 80, 58, 131, 127, 142.] 

When the two hemispheres of the cerebrum are drawn apart the 
intermediate medullary substance comes to view. Veslingius calls this 
substance the Corpus Callosum, but in our pages we name it the True 
Fornix, (cap. xL) [Fib. 82.] 

It is extremely probable that the arteries irrigate only the g^landular 
substance of the brain; for in this cortex or outer glandular substance 
we discern innumerable arteries, but in the neighboring medulla we find 
none or very few, — ^which would not be the case if the medulla were 
the last term of thdr insertion. Moreover, the arteries of the lower 
medullary region are greater in number and coarser than those of the 
upper; they seem merely to pass through the latter in order that they 
may reach the dneritious substance of the striate bodies, whither we have 
quite frequently found them tending. Therefore all the vesseb that pen- 
etrate the medulla of the cerebrum are, in all probability, extended to its 
cineritious substance where they are terminated. . . . We support 
this opinion by an experiment in which we tied the carotids near the 
middle of the neck, and repeatedly injected into one or other of them 
spirit of wine cc^red with saffron. When the head was opened, only 
the dneritious substance of the cerebrum was found imbued with the 
saffron color; nay, the white and natural color of the medullary sub- 
stance was unchanged, and many of the vessels running through it were 
seen to be filled with the saffron injection. This seems to be a sure 
sign that, in the above mentioned experiment, none of the injected 
liquor was diffused through the medullary substance. The liquor was 
injected into the carotid without great force, and in sufficient quantity 
only; lest by the rupture of its offshoots the liquor which was to be 
carried to the dneritious substance of the cerebnmi be diffused through 
its medulla. From the above we may infer that all the vessels entering 
the substance of the cerebrum are terminated in its cortex, and that the 
arteries do not connect with the veins; for if the liquor flowing from 
the arteries fell immediately into the veins, then, on the completion of 
the injection the cineritious substance would not be tinctured. There 
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should therefore be no doubt but that the arterial blood first enters 
into the substance of the cerebrtun'" and its membranes before it is taken 
up by the veins, (lb. cap. vi.) [Fib, 137.] 

See Vleussens' Pigure of the cerebrum cut along the hollow of the 
lateral ventricles and showing the dneritious substance mingled with 
the medullary. In the description of this Figure he calls the medullary 
portion of the cerebellum the Medullary Centre of the Cerebellum. 
(In Mangefs Bibleotheca Anatomica, II, Plate Ixv.) See also his 
Plates where he shows the spirals of the cerebellum, and the inter- 
weaving of the cerebellar fibres with the cerebral (Jb. pL Ix, fig. 2 ; Ixi, 
fig. I.) [Fib. 60, 94, 91, 147.] 

x8. Ridley. (Anatomia Cerebri, Ludjg. Batav.^ 1725.) The brain 
is that large and almost spherical body which, under the old method of 
dissection, first meets the sight. It fills the largest part of the space 
contained in the cranium, and consists of two substances, first observed 
by Archangelus Hccolomineus, differing from each other in color, con* 
sistency, and also in function; the one is compact, white, medullary or 
fibrous, and the other soft, of a dneritious color, and glandular. . . . 
The curious Leeuwenhoek made a far deeper scrutiny into these two 
parts [than Malpighi], being probably aided by better glasses; and fr<Hn 
what occurred to his view, he called the cortical part a pellucid, vitreous, 
oily substance (De Struct. Cer. p. 37), by reason of the position of the 
globules swimming therein, which is so close and regular as to allow 
passage to the rays of light without refraction; contrary to what ob- 
tains in the second or medullary part of the brain wherein they are so 
disposed that the light cannot go through them in straight lines; in 
consequence, by reason of their slight distortion, they are made to 
appear white, (cap. XI, pp. 87-90.) 

I am induced to bdieve that the cortical portion is nothing but an 
aggregation of many vessels containing various kinds of fluids. Some 
of these vessels contain the much compounded liquor commonly called 
blood. There is another kind of vessel which receives and contains 
a more simple fluid, of a thin and transparent nature, and which, when 
found in certain parts of the body, bestows upon the vessels wherein 
it flows the name lymph-duct But in those vessels which we take to 
constitute the ample substance of the brain, both cortical and medullary, 
it may be called animal fluid. I regard this latter kind of vessd as be- 
ingf either an extension of some artery which by reason of its minute- 
ness is rendered fit to contain only a liquid such as that of which we 
have just spoken ; or a tubulous production of the same kind of artery 
corre^p(niding in the proportion of its opening or pore to the figure 
and size of that fluid which nature intends it to receive. From the 
same accurate examination carried on by aid of the microscope, it ap- 
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pears that the medullary part of the cerebrum has the same constitnent 
parts, bat, to a certain extent, arranged in a different way, by reason 
whereof this part ai^Kars whiter than that observed above. I am in- 
clined to the opinion that some, if not the greatest part, of this white- 
ness may be ascribed partly to the narrowness of the vessels containing 
the above mentioned pellucid substance, which are found here, — which 
narrowness is such that it is incapable of taking up any fluid whatso- 
ever, which has not first been reduced into the most minute particles, a 
process which comes under the name of Leptometry. I should therefore 
take these ultimate vessels to be nothing else than the numerous still 
further capillary productions of the cortical vessels; so tiiat the red 
vessels, or vessels of the blood, cause them to be gifted with a pore of 
such kind as renders them fit to receive only that most subtle, fine, and 
mild liquor, which, I take it, is the true medullary and nervous juice* 
which, when contained in its own proper C24>sule, and when a number 
of the latter are gathered together into one fascicle, and, for the pur- 
pose of their egress from the brain are involved in denser and stronger 
coats taken from the two outer membranes of the brain, constitutes 
that part which we call a nerve, (ib. pp. 91-3.) [Fib. 58, 142, 127, 137J 

There are nerves which Exercise only sensaticm, such as those which 
pertain to the various sensories. To these belong the olfactory and 
ocular nerves [ist and 2d palir], and also the soft processes of the 
auditory nerve [7th pair], soine branches of the fifth pair, and perhaps 
also of the ninth for the exercise of taste. . . ; Other nerves exer- 
cise principally the function ol motion. Such are the nerves of the 
entire nervous system with the exceptions mentioned above. In still 
ethers both motion and sensation are exerdsed in a greater or less de- 
gree in proportion to the diversity of the fibres of which they consist; 
such are the nerves of the fifth and ninth pair. (cap. XVII, pp. 154-S.) 
The seventh pair or auditory nerve . . . consists of two distinct pro- 
cesses, one of which, being destined for motion, is rounder, harder and 
smaller than the other which is destined for sensation. Although they 
^eem to have the same origin, ... a deeper examination shows 
that this is not the case. For the former or hard portion takes its 
origin from the medullary stem not far from the place where it first 
comes to sight, while the latter rises far removed from the transverse 
process or processes, namely, in the passage to the fourth ventricle, 
(ffr. p. 14a) [Fib, 242.] 

29. Malpighi {Opera Omnia, Ludg. Batav., 1687, vol. ii). In the 
brain of perfect red-blooded animals I found the overspread cortex to 
\ be an assemblage and congeries of minute glands. In the gyres of the 
cerebrum and in those drawn-out little quasi intestines wherein the 
white roots of the nerves end, or, if you prefer, whence they arise, 
these glands are so adapted to each other that their congeries forms 
the exterior surface of the cerebrum. They are of an oval figure, t^ 
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being compressed all around by the adjacent glands ; whence arise cer- 
tain obtnse angles and a great number of intermediate spaces almost 
equal in size. Their outer portion is covered over by the pia mater and 
its blood vessels, which penetrate deeply into the substance of the 
glands; their inner portion puts forth a white nerve fibre like a true 
Tessel, as the lucidity and whiteness of these bodies permit us to ob- 
serve. Therefore the white medullary substance of the cerebrum re- 
sults from the connection and ccmfasdculation of a multitude of these 
fibrils, and if the nature of the cortex may be explained by a familiar 
example, no better one would occur than the structure of the pome- 
granate where the symmetrical structure of the granules presents the 
appearance of that assemblage of cerebral glands of which the cortex 
is composed; while the fibres issuing from each granule and conveyed 
through the membrane, exhibit a rude image of the cerebral medulla. 
I remember also having seen some young dates which, hanging on both 
sides of the stem, resembled the glands of the brain, while the vessels 
or fibrous bodies from which the individual dates hung, being gathered 
into a fascicle, were analogous to the second or hard (callosum) or 
medullary body. 

But these cerebral glands are seen with difficulty in the raw brain, 
even though it be the large brain of perfect animals; and this because 
by the tearing away of tiie pia mater they are lacerated, and their 
coterminous borders are not easily distinguished by reason of their 
lucidity, nor the spaces between them on account of their softness. 
They are more easily seen in the boiled brain ; for their substance, when 
thickened by the boiling, shows the intermediate spaces more opened, 
especially at the sides of the furrows ; by peeling off the pia mater they 
become still more evident, especially if they be examined while still 
warm. You will see the distinction between these glands after you 
have poured ink upon them and then softly wiped it off with a piece 
of cotton; for the intermediate spaces are then blackened so as plainly 
to exhibit the outlines of the glands. You can readily see the same 
glands in the boiled brains of birds and fishes; thus the structure is the 
same in all animals. According to Joan. Kentman, Joan. Pseil seems 
to have anticipated this discovery in his observation of a stone 
found in the cerebrum, which, like a mulberry, was a conglobate of 
minute roundish acini of a dneritious color; it had probably been pro- 
duced by the petrification of the cortex and had retained the natural 
figure of the glands. These cortical glands, thus tortuously arranged, 
compose the outer gyres of the cerebrum and are appended to the 
inedullary fibres or vessels rising therefrom; so that wherever the gyres 
are cut transversely, a determinate and firm mass of glands is always 
found overl3ring the medulla; and the same can be seen even more 
evidently in the cerebellum. The substance of the cortex observed in 
the ventricles of the cerebrum, and again at the banning of the medulla 
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spinalis,* is of the same character; for after boiling, it exhibits the same 
form and the same characteristic glandular substance as is found in the 
glands located in the outer region of the cerebrum; with this difference, 
however, that the former glands are set among the excurrent nervous 
bodies, so that the protuberances of the ventricles are made up of 
nervous vessels with interspersed cortical glands. Moreover, in the 
interior portion of almost the whole of the medulla spinalis, the cortex 
which I have described, retains the same glandular character and is 
everywhere irrigated by blood vessels; and in the part of the ^ine 
which issues from the cerebellum and cerebrum under the pons Varolii 
at the supposed ventricle of the cerebellum, cortical glands of this kind 
are scattered about in different places; for under the outmost surface, 
which is fibrous and nervous, is spread a large portion of such g^ds, 
especially under the pons itself. Little portions of these same glands 
are also found within, where they are mingkd with the medullary sub- 
stance, (pp. 270-1. De Cerebri Cortice, cap. i.) [Fib, 80, 127, 58, 60, 
61J 

aa The glands in the cerebrum, cerebellum and medulla oblongata 
have need of blood vessels just as do the other glands of our body, both 
conglobate and conglomerate. . . . Therefore, in the mass of the 
cerebrum and cerebellum we found remarkable and numerous ramifi- 
cations of arteries and veins, — such certainly as are to be met with 
nowhere else in the body; yet in such a way that the trunks of the 
arteries were not always accompanied by veins; this we have especially 
observed in fishes, in the interior surface of whose ventricles there 
runs only a single blood vessel. This, however, is undoubtedly true, 
namely, that every single gland of the cortex is bedewed from the ex- 
treme ends of both arteries and veins. In the more perfect animals, 
therefore, it is clear that the blood vessels, by means of the meningeal 
membranes, irrigate the extreme glands of the cortex, of which tibe 
cerebral gyres are composed; so that, in the pia mater, there is visible 
a network of vessels, the outgoing offshoots of which penetrate to the 
inmost parts of these cortical glands. Hence, when the pia mater is 
torn away, the soft structure of the glands is lacerated to no slight de- 
gree, and if the glands themselves are cut, there emerge points, still 
retaining their ired color, which have broken forth from the vessels. 

That nerve fibres of this kind are to be classed as vessels, seems to be 
indicated by the well known fact, to wit, that when they are cut, a 
copious juice flows out, resembling the white of egg and coagulable by 
fire, as I have observed in a dissected nerve of the arm; nor does the 
outer shape of these vessels and their propagation afford any objection; 
for the medulla spinalis exhibits a fascicle of straight tubes; and, al- 
though each one of these conspicuous nerves is made up of many little 
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cords as it were, yet we cannot on this, base even the slightest con- 
jecture which would deprive the nerves from being classed as vessels; 
for in plants, we see with the naked eye that each fibre is plainly 
composed of many tubes enriched with numerous vessels. The point is 
farther proved by the complication of the fibres, or by the looseness of 
the nervous vessels representing a sort of rough network. For it is 
nature's accustomed way, especially at the ends of vessels, to form a 
network, as we find is the case in the extreme ramifications of arteries 
and veins; and, if we may add confirmation from an analogous ex- 
an^le in plants, there are not wanting exactly similar structures in the 
fibres that compose the bark of the vine, and of other trees and plants. 
In bulbous plants also, such as turnips and the like, and likewise, in the 
stem and leaves of the Indian fig, is observed a netlike propagation of 
the fibres in every direction, similar to the complications of the nervous 
fibres in the cerebrum, cerebellun^ and medulla spinalis, fimd since it 
is beyond doubt that the vegetable fibres which form this netlike plexus 
must be classed as vessels, since they emit juice and are perforated, 
therefore we must philosophize in a like manner in respect to our 
nervous fibrils or vessels the propagation whereof is effected by nature 
in exactly the same way. . . . 

The implication and combination of nervous fibres in the cerebellum 
present the appearance of the branching trees described by Cortesius 
and others, and which, I find, nature endeavors after in exactly the 
same way in the cerebrum. For if the gyres of the cerebrum with their 
contained cortex be cut or lacerated transversely we find a like appear- 
ance of a tree with its branches and bark. You will see this appear- 
ance at once in a transverse section of the whole brain or of any of 
its parts. . . . 

So great is the distinction of the fibres or nervous vessels in the whole 
tract of the cerebrum and cerebellum, and especially in the ventricles 
of fishes, birds and also of perfect animals of the earth, that no greater 
can be conceived of. The visible intermediate spaces, and also the 
blood vessels with their continous ramification, give plain indication 
of the interspaces between the fibres. From the above we may con- 
clude as to the error of Velthusius' (pinion, who, judging from tho 
works of chemists, likens the brain to a sponge, in order that the 
defecation of the animal spirits may be accomplished therein. For, 
although we find in the cerebnun a net-like interweaving of fibres, 
still the humor of these filaments is not to be carried down by external 
adhesion, nor is it attenuated and purified from foreign substances, by 
means of the folds, as is the case in sponges; for the whole work of 
separating and purif3ring is perfected in the inmost structure of the 
cortical glands; and the humor which then issues from the glands, 
enters into the hollow and tubular fibres, and, by a continuous path, is 
sent off into the underlying parts for the performance of divers offices ; 
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as is the case in the tubular stems of vegetables, as intimated above. 
So that this. netlike complication of fibres is a necessary property of 
vessels, in that they carry nourishment or other like principle, (pp. 
273-4, cap. iii.) [Fib. 128, 127, 142, 131, 61, 166.] 

The medulla spinalis is a fascicle of nerves which, when begotten of 
the cerebrum, is divided into parts, — by whose circumvolution are 
formed the sides of the ventricles, — and ends in the cortex, wherein, 
that is, in the smallest clusters of its glands, the extreme roots of the 
nerves are implanted. The same is also the case in the cerebellum, 
except that the nerves issuing from the pons Varolii, while they go 
on to the cerebellum, derive an origin also from the glands of the cortex 
existing in the pons. And since a large quantity of cortical substance 
b observed In the ventricles and at the head of the medulla spinalis 
where are situated the interior prominences; and since, when diese 
prominences are laid open, fibres are observed which are continuations 
of the nerve, we must perforce conclude that the nerves themselves are 
produced also from these interior glands. Therefore the fibres of the 
optic nerve, although they are seen to have a further progress into the 
cerd>rum and cerebellum, yet, since they strongly adhere to the cortical 
eminences of the ventricles, are most likely equally rooted in these 
also. (p. 27Sf cap. iiL) [Fib. 127, 61.] 

az. Hippocrates in his book concerning Glands classes the brain as a 
gland, because like glands it is white and friaUe, receives humidity and 
passes it off, bggets fe ^its. and is subject to the diseases incident to 
glands. Piccolomineus, tF I mistake not, was the first to observe die 
difference, and also die division, in the parietes or mass of the brain. 
For he called the cineridous or livid-white body which first meets the 
eye, the cerebrum proper, and the enclosed shining and more solid 
body the medulla; and, in newly killed animals he separated these two 
substances,— distinguished from each other in color, firmness, and inter- 
stices or lines, — ^with the utmost dexterity. ... In the more per- 
fect red-blooded animals, and also in the larger fishes, which I have had 
the opportunity to observe, I have observed this cineridous substance 
called the cortex. It is not only spread around externally like the bark 
of a tree, which envelops its centre only on the outside, but in red- 
blooded animals, a pordon of it is placed around the outmost ai^>end- 
ages of the corpus callosum, while the remainder is dispersed about in 
the ventricles, especially at the b^'nning of the medulla spinalis, where 
you will find litde fringe-like parts of the medullary and white sub- 
stance scattered about and shut in; the eminences that make the ven- 
tricles falcated also consist of cortex. Furthermore, in the long tract 
of the spinal marrow outside the brain, you will observe this same 
cineridous substance, placed, not in the circumference, but in the inner 
part where a sinus has been observed by many an a tomists. In fishes 
also, in the larger ventricles, the inner envelope and covering is com- 
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posed partly of medullaiy substance and partly of cineritious substance 
or cortex; for that part which is connected to the varicose appendages 
irom which the medulla spinalis is cominonly supposed to take its 
beginning and which i^ prolonged towards the anterior, part of the 
cerebrum, is cineritiqu$;.but the white substance which had lain under 
the corter sqchi brei^ out and occupies almpst the whole centre of the 
▼entride; and tlus is then again covered^ over by, cortical substauc^ 
coming up from underneath and in which, 4re r^marjkable plexuses of 
blood vessels. In the brain of fishes also, at the beginning of the me- 
dulla spinalis where two appendages emulating the form of intestines 
are placed on either side, the cortex is almost everywhere commingled 
with the medulla. . . . As to the medulla of the cerebrum, t. e., the 
corpus callosum, it is said to be more solid than the cortex, and to be 
surrounded with veins and arteries, namely, for. the purpose of filling 
up the intercepted spaces; but as I could plainl]^ observe, tmder the 
microscope, in the brains of fishes, and less plainly, in the brains of 
other more perfect animals> this is not correct; for it is clearly evi- 
dent that thb whole white portion of the cerebrum is divided into 
closely rounded fibrils not unlike those white bodies or intestines which 
compose the mass of the testicles. In the ventricles of the brains of 
fishes, these fibrils are so plain that when observed against the light they 
present. t}ie appearance pf an ivory comb, or of an ordinary church 
organ with its pipes. I have observed the same fibrous nature in the 
brains, .hqti\ boiled and raw,, of oxen and similar animals; but it be- 
comes most plainly evident in the posterior region of that portion of the 
medulla spinalis which lies within the cranium. At the sides of this 
beginning of the medulla spinalis you will see these white fibres of the 
cerebrum, ejctei^ded through the middle of an abundance of neighboring 
cortex, and you will also observe the same structure in the extreme 
appendages of the corpus callosum; for the fibrous, bodies of which 
the arch of the ventrictes is woven, finally end in, as it were, ragged 
fringes, or in productions after the manner of gyres, and these, not 
unlike the multitudinous roots of plants, are immersed and implante4 
in the cortex, which thus serves the turn of soil or earth. What is the 
progress of these fibrous bodies of which the medullary mass of the 
cerebrum is composed, is not easy of determination; for, by reason of 
the tortuous cavities of ^the ventricles in the more perfect red blooded 
animals,^ and the complicated substance of the cortex, to say nothing 
of their. 051^1 minuteness, , ^dntfidance and friability, they do not easily 
come und^c^^observation. In fishes, some are more plain, while others, 
because of their minuteness, are more obscure; from a comparison of 
both, however, we account their probable progress to be as follows: 
All the fibres scattered through the cerebrum and cerebellum seem to 
have their egress from the trunk of the medulla qnnalis contained 
within the skull as from a notable collection of fibres; for from the 
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four reflected crura of the medulla they are ramified hither and thither 
until their ramified terminations end in the cortex In the cerebellum 
their progress is plainer; for the fibres are there drawn into the form 
of a tree in whose extreme branches and leaves as it were, the cortex 
is beautifully arranged,— hut separated from the neighboring parts, so 
that the appearance is as of independent leaves. But in the cerd>rum 
the roof or arch of the ventricles consists of fibres inclined towards die 
sides and built up into an arch (fornix), . . . From these and other 
fibres drawn from the posterior region of the cerebrum is built up die 
corpus callosum. . . . These fibres of the cerd>rum are long drawn 
out. They are not parallel, butt repeatedly meet each other; and we see 
them gathered together into a fascicle, then again separated, and after- 
ward riding over other lateral fibres, so that they present the appear- 
ance of a loose network. This is best observed in the shark or dogfish, 
(pp. 114, 116-7, De Cerebro.) [Fib, 80, 58, 127, 131.] 

Whether these fibrous bodies are hollow, or at any rate, whether, 
when gathered into a fascicle, they transmit a peculiar juice through 
the resultant little pores and interstices into the nerves continued there- 
from, is a matter that would require long investigation. It is a problem 
that vexes the cleverest men of the age. After Fortius, the indefatig- 
able Bacchius, and the famous English School have propagated through 
the hollow nerves, a nervous juice from the brain, and have contended 
for their position with remarkable arguments. And since, by reason of 
the smallness, softness and other like impossibilities in die cerebral 
fibril, we cannot use ligatures and the like, nor can our senses see the 
cavities, therefore there is room only for conjecture. The extremity 
of the fibres of which the brain is made up seems to be no light argu- 
ment in favor of the existence of a separate humor in the brain and 
which is propagated therefrom into the nerves. For in its last litUe 
heads or roots die fibre is immersed in the cortex through which are 
ramified an immense abundance of blood vessels. This enrooting is 
plainly visible in the corpus callosum, and most plainly in the cere- 
bellum, where the medullary substance in its extremity resembles branch- 
ing trees, as was first observed by Cortesius. . . . That the arteries 
carry a sanguineous serum, or something similar thereto; that this is 
separated in the substance of the cortex as in a filter, and at the same 
time is propagated into the nerves implanted therein like roots, is not 
opposed to reason. For when the order of nature is interrupted by rea- 
son of some diseased condition, we have very frequenUy observed an 
abundant collection of this serum floating in the ventricles, the sub- 
stance of the cerebrum, and under the meninges. . . . Nor are there 
wandng blood vessels, by which indeed, the whole substance of the cere- 
brum is pervaded; for if we institute a comparison with the whole 
body, we shall find at least a third, if not a half, of the blood is carried 
into the head; and since, because of the smallness of the viscus, it 
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would never be consumed there, it is extremely probable that a coagu- 
lable serum is filtered through the cerebral fibrils and from there is 
derived into the nerves which are their continuations; and that the 
rest of the blood is gathered up by the extremities of the accompanying 
veins and returns to the heart ... In the more perfect red- 
blooded animals the choroid plexus does not intimately embrace the 
virhite fibres of the ventricles, but is stretched out free and without 
insertion; so that the whole ramification of vessels is dispersed through 
the other or cineritious portion of the brain; as is plainly apparent in 
the ventricles and outer cerebral circuit of fishes where the netlike 
propagation of the vessels is so abundant that it almost covers the 
underlying cortex. . . . Thus we again have reas(Hi for thinking 
that, in its inmost structure, the cortex or the cineritious substance 
derives into the fibres a fluid which is expelled from the vessels, (pp. 
117-8, De Cerehro,) [Fib, 142, 128, 137, 166, 171.] 

aa. Leeuwenhoek. First of all I tmdertook to examine those 
parts of the brain of a turkey-cock which are commonly termed the 
cortical. These parts are composed of extremely pellucid, crystalling 
and, as appears to the observer, oily matter, which, because of its 
Umpid and pellucid substance, ought more properly to be called the 
vitreous rather than the cortical substance of the brain. When I was 
separating this matter into its least particles, I at once noticed trick- 
ling from it a small quantity of a thin fluid or ichor abundantly beset 
with extremely small globules, thirty-six of which, I judged would 
not equal in size one of the globules that impart to the blood its red 
color. This trickling liquor, although it did not spread from the brain 
more than, perhaps, one-tenth part of a hair's breadth, was yet com- 
mingled with the little globules, as just stated. But I observed this 
fluid matter especially in the brains of turkey cocks which had been 
killed for some time. This experiment taught me that part of this 
liquor flows from certain small vessels; and, moreover, that many 
small vessels have perhaps degenerated into an aqueous matter. In 
addition to these small globules there were also many larger globules, 
six of which, I judged, would make one of our blood globules. . . . 
Moreover, scattered through this vitreous substance were certain clear 
and irregular globules, some of which were equal in size to one of our 
blood globules, while others were larger. Throughout this clear matter 
and these globules were scattered a great number of extremely minute 
Mood vessels, and this in a portion of the cerebrum no larger than 
a moderate sized grain of sand. Many of these blood vessels were so 
small that, so far as the eye could discern, if one of the piano-oval par- 
ticles in the round corpuscles of the blood which give to the blood of hens 
and other birds its red color, were divided into fifty parts, not even so 
could one of them be carried through the cavity of these little blood 
vessels. . . . And yet, although these vessels were so exceedingly 
iv 
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minute, their color proved that they contained the matter which gives 
the blood its scarlet color; and miless I had observed one of these 
piano-oval blood particles on another occasion, it would have been im- 
possible for me to have recognized these little vessels as sanguiniferous 
ducts. It is thus manifest that the red matter still impresses on them 
something of color. I became the more certain of this when I ob- 
served the presence of other blood vesseb somewhat larger and of a 
deeper color verging to red. These exquisitely fine blood vessels, when 
laid over each other three or four deep, without any other interjacent 
material, were likewise distinguished by their red color. Noticing and 
seeing these things I believed more firmly than before that these piano- 
oval particles of the blood which make it red, are resolved when they 
arrive at veins of such smallness that they could never enter them un- 
less first dissolved and broken up. In this way I was confirmed in the 
opinion as to the origin of the brownish color bestowed upon the 
cortical part of the cerebrum and wherein it differs from the white 
part which is called the medullary, namely, first, because its matter 
consists for the most part of these same pellucid particles so closely 
joined together as to produce a vitreous or aqueous pellucidity; and 
second, because the brownish color b heightened by the passage through 
it of many minute blood vessels. . . . We also observed that in 
many places these cortical parts of the cerebrum penetrate deeply into 
the medullary parts where they are immersed; but when we gentiy 
separate the deeper parts of the cortex, lying in the middle r^on of the 
cerebrum, from the medullary parts, we see between them so great a 
number of little blood vessels, as to make an entire membrane. . . . 
In addition to these fine blood vessels, there are, in the cerebrum, still 
other vessels of such fineness, that, in my judgment, no round corpuscle 
could permeate them, even if it were divided into more than a thousand 
parts. I say nothing here about blood vessels which equal or excel the 
thidmess of a hair of our head ; these also insinuate themselves in great 
number into the medullary parts, and ue frequently divided intc 
branches. {De Structure Cerebri, in Arcana Nature Detecta, Lugd. 
Batav., 1708, pp. 30-3.) [Fib. 58, 197. ^97, lap, i» 128, 166.] 

23. Turning then to the medullary parts of the cerebrum, I there 
happened upon certain irregular globules of different sizes, — some of 
them equal to or even exceeding the size of one of our blood globules, — 
which, so far as the eye could judge, consisted for the most part of a 
thin, translucent, and oily matter. These globules are found in the 
medullary part of the cerebnun (especially in the place where the dorsal 
medulla commences), in such abundance that they seem to constitute 
the greater part of the cerebrum. This vast number of translucent 
globules is what causes the white color. . . . These irregular glob- 
ules were so closely united to each other, that when I saw any of them, 
either in small groups or alone, and tried to separate them, some of 
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them suffered an extension twice as great as their length would seem to 
admit of; and they appeared to me to be woven together by threads, 
after the manner of a net Having turned my attention to these fi^ob- 
ules, I began to consider as to whether the minute blood vesseb emerg- 
ing frcHn the cortical parts of the cerebrum are not again dispersed into 
fine twigs of the same kind ; and whether many of these twigs do not, 
as it were, embrace these globules or yield to the globules; just as we 
see, in certain large trees, the small horizontal vessels to yield to the 
ascending vessels and to embrace, as it were, almost the half of their 
drcomference. This my opinion,— that many of the irregular globules 
were surrounded by vessels,— was strengthened when I saw that many 
of the above mentioned vessels were clear in the middle, and carried at 
both sides a somewhat brownish appearance; and still more when I 
found, lying in the ruptured globules, many fine fibrous parts, which, 
as far as appears, are vessels. Moreover, when looking at the medul- 
lary parts of the cerebrum it often appeared to me as if I were looking 
at a fishing net, the threads or cords of which could be easily stretched ; 
and that between each s^erture of the net there lay a somewhat flexible 
piliform body, — ^which body was changed to a round or longish oval 
according as the net was pulled this way or that I compare the small 
vessels of the medullary substance to the net, and its irr^^lar globules 
to the piliform or globular body. The remaining medullary parts con- 
sisted of an infinite number of most minute globules, and of a clear thin 
matter. I conjectured that the latter had emanated from the ruptured 
vessels; also that certain vessels had flowed together into an aqueous 
matter, (pp. 33-4.) [Fib. 130, 131, 297, 319.] 

24. Proceeding with my researches I to<^ the head of a sheep, and 
on examining its brain, I likewise found in the cortical parts a vast 
number of the most delicate blood vessels, wherein, as I recognized, 
was contained the substance that gives the blood its red color; which 
vessels, therefore, also give a brownish color to the cortical parts. I 
have often seen this incomprehensible multitude of exquisitely minute 
Mood vessels with my own eyes; and I saw almost every single vessel 
again splitting into lesser branches. Moreover, I noted a great number 
of globules one-sixth the size of the red blood globule, — ^which globules 
I judged to be blood escaped from the vessels by reason of their rupture; 
and that when contained in the more ample vessels, six of these globules 
would constitute one blood globule. I imagined that these globules, 
which are a sixth part of one perfect globule, when meeting vessels so 
narrow that passage would be denied them, must necessarily be divided 
into lesser parts, and that the vessels in question must be devoid of 
color. But that I may more perfectly place before the eyes the incom- 
prehensible fineness of the blood vessels found in the brain, I think 
it well to reduce their thickness to a calculation by comparing them 
with a grain of sand as measured by the eye. I take it for granted that 
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those perfect globules which impart the redness to our blood, are of 
such size that one hundred of them placed side by side in a strmigfat 
line, would not equal the thickness of a little grain of sand; hence it 
follows that a million globules of the blood would equal one coarse grain 
of sand. I now observe blood vessels in th« brains, in respect to whidi 
I am positive that if one globule of the blood were divided into sixty- 
four parts not one of these parts would be able to traverse any of the 
little vessels; for if I put the diameter of these vesseb as i, and the 
axis of the blood globule as 4, then it would mean that even if a grain 
of sand were divided into sixty-four thousand parts still it could not 
enter the minute blood vessels of the brain, especially if the minute 
particles of the blood were not flexible but rigid. I nevertheless think 
that this kind of minute blood particle always enjoys flexibility like 
those blood globules which have arrived at perfect maturity. . . . 
I attentively examined with eyes and mind, the white or medullary parts 
of the cerebrum, and e^ecially those that tend towards the beginning of 
the dorsal medulla, and, as I judge, I there found what I had not been 
able to see in the brain of the turkey cock, namely,, what appeared to 
the eye to be oily globules, large and translucent as it were, surrounded 
by, or lying in, an ineffable multitude of the most delicate little recti- 
form vessels or lines, mingled with a number of coarser vessels; which 
latter took a straight course, and were remarkable for their pelluddity. 
(pp. 34-6.) [Fib, 128, 199^ 200, 13a] 

25. In my scrutiny of the cortical parts of the brain of an ox I have 
often thought that I could see and observe that the vitreous and highly 
pellucid matter which constitutes the greater part of the cortical matter 
of the cerebrum, consists of nothing but extremely fine lines or vessels, 
all joined together in the closest manner. ... In all my observa- 
tions, enumerated in these pages, I pass by without mention the innum- 
erable blood vessels running through the cerebrum, which can be seen 
in the dissected brain with the naked eye; for they are like entire 
rivers when compared with the little vessels previously discovered and 
laid bare by me; which latter must be esteemed as the merest rivulets, 
brooks and rills. I also examined the vitreous parts, called the cortex, 
of the brain of sparrows immediately after I had killed the latter. In 
these I noticed small blood vessels of every kind just as dearly and 
distinctly as I had observed them in the brains of the ox and sheep; 
nay, all the other parts of the sparrow's brain have no difference in 
size worth speaking of when compared with the brain of the ox. . . . 
When, with the utmost accuracy I examine the vitreous substance, it 
seems to me to consist of nothing else than an incomprehensible mul- 
titude of minutest vessels, so closely adjacent to each other as, by their 
pelluddity, to resemble a vitreous substance when seen through the 
microscope; and this was more dearly apparent to me in the small 



THE FIBRE. lui 

brain of a sparrow than in the large brain of an ox . . . The minute 
vessels that in part constitute the vitreous substance are so small that no 
moderate sized particle of sand could pass through them unless it were 
first divided into many thousands of myriads. . . . The other parts 
of the white brain of the sparrow did not differ from the white parts 
of the brain of the ox, sheep and turkey cock, except that the trans- 
parent oily globules, which were surrounded as it were, by certain ves- 
sels, were by no means so large in the ox. . . . Reflecting on the 
situation and figure of the medullary brain, they seem to me to be 
fabricated in order that they may derive to the dorsal medulla the 
blood that has been pr^»ared and elaborated in the innumerable minute 
vessels which pass through the vitreous parts of the brain ; and also that 
many of the small arteries found in the brain seem to be for the pur- 
pose merely of pouring the blood into the brain without making any 
return of it to the veins, and this, in order that a new and ever constant 
matter may be procured for the dorsal medulla and consequently for the 
nerves, (pp. 36-40.) [Fib. 128, 137.] 

96. When I contemplated under the microscope the brain of a cod- 
fish, I saw, and not without admiration, many somewhat long and ex- 
tremely fine fibrils ; of these by fa<r the greatest part of the cerebrum b 
woven; and they were extended, not towards the centre of the cere- 
brum, but rather towards its other extremity. Not content with this 
observation, I endeavored, with what reason I could, to find out whether 
the little parts which I have spoken of as being very fine and some- 
what longish, are interiorly pervious with hollow passages. At last, 
after some days, I distinctly recognized those passages or cavities with 
my own eyes, and this not once, but at least fifty times. Moreover, I 
saw that the fibrils were of two kinds. One kind was equal in thick- 
ness to the little vessels which form the principal texture of the nerves; 
but these fibrils were very few in number as compared with the fibrils 
of the other kind which were finer. I was not a little delighted at this 
discovery, for I had not hoped that the vesseb referred to would offer 
themselves so clearly and plainly to my sight, since the vessels were of 
such fineness as to be beyond the belief of one who has not himself 
seen them. I have often had the brain of a codfish dried out, and when 
I examined it in this condition I never failed to find that these vessels 
of which I have spoken, remained entire and uninjured, (pistols 
PbjTsiologicae, Epistola, xlv, pp. 433-4.) [Fib. 142, 129.] 

27. I have often observed, and not without delight, that the structure 
of the nerve consists of extremely small vessels of inexplicable fineness; 
and that these, nmning lengthwise, compose the nerves. The diameter 
of such a vessel when compared to its cavity exceeds the latter three- 
fold. In one respect I was unfortunate in this business, namely, in that 
I was unable to exhibit these cavities to the sight of others ; for as soon 
as I moved them to my eyes for the purpose of examination, in less than 
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a minute they suddenly collapsed by dicing out, so that the remarkaUe 
sight whoUy vanished beyond the possibility of being restored by any 
industry. Nor did I see merely the borders of these vessels, — ^vessels 
which seem to be gathered together to the number of some hundreds in 
order to make up a single nerve, — but in some of them I also recog- 
nized the cavities, and this as distinctly as though we had perforated 
a piece of paper in a number of places with a very fine needle, and saw 
the sun shining through the holes. And although this opening was so 
minute, yet I have seen living animalcules swimming in drops of water 
which could freely move and swim through that opening. In a word, 
the minuteness of some of the things se^ by me seems to transcend 
all belief. (Epist xxxii, pp. 310-i.) [Fib:' 142, 188.] 

28. I afterwards cut a nerve [taken from the medulla spinalis of a 
cow or sheep] into slices or transverse sections little or no thicker 
than a hair of the beard. After duly moistening these slices, I placed 
them in a glass goblet to dry. Examining them after they were dry, I 
found in them many little prominences. The explanation oi this seems 
to be that a nervule of this kind is made up of many little vessels, and 
when these vessels are contracted by cutting of the nervule, such humor 
as they contain is squeezed out and produces bulgings that present the 
appearance of little eminences. It has also frequently hai^ened that 
when I was looking through the microscope at a thin slice of a nervule, 
— ^which before being dried had been washed by me in clear water, 
and, thus washed, had been put under the microscope, — I noticed a great 
host of certain minute particles swimming and floating through the 
water. It was my belief that these particles had issued from these very 
vessels; for the knife which I had used for cutting was of such fine- 
ness that it could shave a hair. (ib. p. 311.) [Fib. 188.] 

29. Although I could hardly give a delineation of a transverse sec- 
tion of a nerve so as to show it as it appeared to me, yet I can lay it 
before the artist as it is stretched lengthwise. A very minute portion 
of such a nerve is designated by ABCDEFG in Fig i * ABCDEF is 
the minute portion of the nerve itself, and AGF a little branch pro- 
ceeding from it. In this portion of nerve I not only could recognize 
the little threads of which the nerve is composed and which perform the 
office of little vessels, but I also saw that the individual nerves were 
hollow or pervious with a cavity; nay, and I seemed to discern by my 
sight the very particles which were contained in these little vessels. In 
the case of a great many of these nervules, I had cut them into trans- 
verse sections with such accuracy, and had so moistened the sections, 
that not only could the artist recognize those parts or vessels with his 
own eyes, but we also saw, nmning through the little individual threads 
of which, as I had told him, the nerve was contextured, a little line. 



*Tlie figures will be found at the end of tlie Tolume. 
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which, as a matter of fact, was nothing else than the hollow channel 
of the vessel, but compressed. We found the same appearance also in 
the case of blood vessels when the flesh had become dried. In Fig. 2 
BCDEF is a nervule with its many vessels dissected transversely; the 
little lines in the individual vessels indicate the cavities. This nerve 
is partly surrotmded by five other nerves, GGGGG; of these, however, 
I have had only the borders shown, together with the ttmics which sur- 
round the vessels enclosed. BNC, CHID, EKLF, and AFM indicate 
fatty parts; and I have observed that a nervule of this kind is invari- 
ably surrounded with fatty parts on its every side, — ^though I believe 
that the nerves of a lean animal are so continuous with each other, that 
they are separated only by little membranes. . . . Extended through 
a certain part of this same nerve I saw seven nervules which were 
entirely devoid of fat 

I then cut the medulla spinalis in such way that I could recognize the 
parts extended through its length. I have had a small portion of this 
medulla delineated, so far as nature can imitate art, in Fig. 3 where 
it is designated by the letters MNOP. Furthermore, I have repeatedly 
cut the same medulla transversely, and finally, with singular pleasure, I 
found its parts arranged in the exact order shown in Fig. 2 except that 
they appeared larger. Moreover, in many places I was able to dis- 
tinguish the hollow passages of the vessels, — which I had cut trans- 
versely, — by the light of the sun. When I separated from the medulla 
spinalis the robust tunic with which it is engirded, I saw proceeding 
from the medulla spinalis very fine nervules in great abundance and 
in divers places. Some of them were so minute that frequently what 
I took to be a single nervule consisted of at least five nerves ; and each 
of these five was of the same fineness as is designated by AFG in Fig. i. 
As soon as these nervules have issued from the medulla spinalis they 
are at once inserted in the hard tunic which surrounds the medulla, be- 
ing as it were conglutinated therewith; and when they again emerge 
they are seen to be increased in strength and to be clothed with a new 
tunic. In that place the nerves, which I had cut off close to their origin, 
were beset with abundant fat and were clothed with very strong mem- 
branes, {ih. pp. 312-314.) [Fih. 188, 142, 192, 206, 222.] 

30. I separated the nerves from the medulla spinalis of a cow, or 
from its robust membrane, and, having dried some of them, I cut them 
transversely. I then noticed that their tunics were compacted of the 
same kind of stamens as those of which, as I have shown, the nerves 
consist ... I had a few nervules delineated in transverse section. 
Their border is shown in Fig. 4 by OPQRS. TVW indicates the cavity 
of the nerves. The figure also shows the stamens of which the nerve 
is contextured on the inside and which constitute its inner tunic. 
But many of the parts of the nervule either partly or wholly fell 
away; a small portion of these parts is shown in Fig. 5 by XYZ. 



Ivi THE FIBkE. 

After these observations I never came across any spinal marrow in 
which I fomid any cavity. Whether this is to be ascribed to s<mie 
little vein mounting over the nervules, or whether it must be referred 
to an imperfection in the nerve that was under observation, is a matter 
for enquiry. ... I further examined the medulla spinalis of two 
cows, two sheep and one calf; and I closely observed with my eyes the 
nerves of this medulla, both in the place where they emerge from the 
medulla itself, and in the place where they again free themselves from 
its tunic. The latter nerves, which, in my examination I followed up 
even to the flesh, are shown in Fig. 2. Nor can I add anjrthing to 
what I said above, except that, because I was investigating the hoUow 
passages of the vessels, I may have perceived them more clearly than 
before. ... I showed the things described above to a certain man 
through the microscope, and to my question, Did he not see the ex- 
tremely minute vessels, and the foramina or openings of the vessels, 
he answered, Yes, I saw them at first sight. I then told him that what 
he had seen was a minute portion of those little open vessels of which 
the nerve is contextured. (ib. pp. 315, 317.) [Fib, 142, 188, 192.] 

31. From a fascicle of nerve filaments taken from the shoulder of a 
fat yearling, I carefully cut out two filaments hardly thicker than a 
double thread such as is used by tailors, and no longer than a finger- 
joint. When I examined their other extremity I found nodiing there 
except certain little parts mutually convoluted and contorted, and about as 
thick as a hair of the head. At various points lay two or three fila- 
ments mutually involved and complicated, with only a little interjacent 
matter. Seeing that I saw the same thing in three different filaments^ 
I hesitated in doubt, being unable to bring to mind the probable cause 
of this convolution, although I had no doubt that the filaments used in 
this examination were truly nerves. I therefore proceeded to examine 
these nervules, or what appeared to be fibres or filaments of nervules. in 
various places; and I observed that at the other extremity these same 
nervules were arranged in the most compounded and close fitting order, 
and that they split up into a g^reat luxuriance of branches or lesser 
nervules. Moreover, I saw that the single nervules, all of whidi were 
covered with their own little membranes, consisted of the most minute 
vessels. Indeed, one nervule equal to about three diameters of a hair 
of the beard, was furnished, as I judged, with at least a thousand 
vessels. (Epist. xxxvi, pp. 355*6.) [Fib, 258.] 

3a. Moreover, in the tunics which, as it appeared, proximately in- 
vested the nervules, I saw still other nervules, though so fine as to be no 
thicker than a hair of the beard. Adjacent to these fine nervules I saw 
another still finer. And although the nervules were so extremely- 
small, yet my eye could distinguish in them vessels of the utmost mi- 
nuteness with which they were abundantly furnished. And not long ago 
I counted sixteen vessels in one nervule which was diinner than a hair 
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<^ the beard. So I leave to the reader to infer how very mmute these 
Ittde vesseb must be. In this same observation I found certain vessels, 
fine and minute beyond conception, which, being somewhat lucid, were 
seen to run transversely through the nervules; and unless I had per- 
ceived them on the slant, I should certainly never have recognized them. 
Some of them I noticed were forked, or divided into two little branches. 
Hence we must come to the same conclusion respecting the nervules as 
was expressed above and delineated in Figs. 4 and 5. But in order to 
impress upon the reader a more distinct notice of the little vesseb of 
which, for ihc most part, the nerves are contextured, I show a small 
portion of a transverse section as seen through the microsa^; it is 
indicated in Fig. 6 by ABCDEFG. The artist has shown the vessels as 
accurately as he could, though I think they were woven in the nerve 
more thickly and densely than is shown. As regards HIKL, I deemed 
it unnecessary to have the artist continue the drawing. When these 
parts of the nervules became at rest they lay very closely pressed to- 
gether; but I had not cut them until they had dried out; and after 
the dissection and just before putting them under the microscope, I 
had again moistened them; and so it happened that in the process of 
drying they were pulled apart and stood further from each other than 
the neighboring parts. Ii\ another place, moreover, I saw a congeries 
of nervules which were twice as fine, and even finer, than the nervules 
F and B. (ifr. pp. 357-8.) [Fib. 188, 192, 240, 174] 

33. Of vessels of this kind, as I have before observed, do nerve 
filaments or fibrils for tiie most part consist But those fibrils, of which, 
as parts, the nerve is made up, are clothed with a certain mater for 
which I see no more suitable name than little membrane. Thus in this 
respect, the fibrils are in like condition as the tendons and the fleshy 
fibrils, these also being involved each in its own little membrane. And 
although I had no doubt that these nerve fibrils, howsoever fine they 
might be, were so formed as to be accommodated to the making of 
contractions and extensions (in order that they may be extended and 
contracted with the tendons and fleshy fibrils), nevertheless I wished 
to investigate this formation and see it with my own eyes. I therefore 
made longitudinal sections of various filaments of little nerves, and by 
aid of the microscope I had one of them delineated, as shown in Fig. 7, 
where it is marked MNOP. In this figure the vessels which serve for 
carrying down the juices of the nerves, so far as they are extended 
lengthwise, are seen to be convoluted into spirals or gyres. It must 
be supposed, however, that in every extension of the nerve these parts 
stretch their g3rres out into a straight line. By MN and OP is desig- 
nated the tunic which, as I have shown, is surrounded by its several 
nerves, (ib. pp. 358-9.) [Fib, 209, 258, i88, 192.] 

34. What made me wonder, was, that, although I handled the parts 
of the cerebrum and medulla spinalis in the most careful and gentle 
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way, yet, under the microscope they appeared in such confused order 
and as though lacerated. But, thought I, these parts which now appear 
so twisted and unordered, had, in the living animal, been most beauti- 
fully and harmoniously ordered and joined together; but, with death, 
the soft structure of the medulla spinalis and cerebrum soon dissolves 
and flows apart; so that nothing certain could be concluded from that 
^sorder which met my eyes; and I suspected the highly fine matter 
which I saw contained in the vessels of the cerebrum, to be noting 
else than the coagulated particles resulting from the said resolution of 
the cerebrum. ... I took two fascicles of nerves, and also some 
single nerve filaments from the medulla spinalis of a fat calf of about 
eight weeks old; for I wanted to see whether I could here find the 
narrow passages or cavities of the nerves. But I saw those passages 
not once only but many times, — ^a fact that gave me no little delight 
One of the nerves used in this observation was a capillary nervule in 
which I counted, issuing from it, about twenty nerves of varying thick- 
nesses, {ib. pp. 354-5.) [Pih, 142, 188.] 

35. Examining for a second time a tendon taken, if I remember right, 
from a sheep's thigh, I noticed that the individual filaments or fibrils, 
which are extended lengthwise in the nerve, were so many vessels; but 
their hollow passages were often so compressed that in most of tiie 
fibrils none but closed passages could be discerned, although I was cer- 
tain that all the fibrils were hollow or pervious. When the dissected 
parts of the tendon had been dried out I saw daylight shining through 
certain extremely minute passages. . . . Whenever I made a longi- 
tudinal section of a nerve I found it composed of longish filaments not 
unlike the little membranes which disperse themselves through the 
fleshy fibril, and which we find to be composed of the same kind of 
filaments. Nor, so far as I remember, have I ever made a transverse 
section of a nerve inmiersed in fleshy fibrils, although I have dissected 
innumerable fleshy fibrils and examined them under the microscope. 
But now, when carrying on various experiments with the aid of the 
microscope, I find under transversely dissected portions of a certain 
tendon, four nervules in close proximity to each other. These nervules 
are contiguous to the tunic of the tendon and each is about four times 
as thick as a hair of the beard. I distinctly saw that these nerves were 
hollow, like vessels, indeed they were cut into such minute little parts 
that I saw daylight shining through the apertures of some of the 
nervules. (Epist xlvi, pp. 438-440.) [Fib. 188.] 

36. When I set the structure of a pig's brain before my eyes, I had 
no difficulty in concluding that there must be a certain connection be- 
tween the blood vessels and the particles of the brain, in order that the 
latter may be preserved, and may maintain their vitality by a perpetual 
inflow of blood; for in the bodies of animals where this is lacking, 
corruption must necessarily set in. That I might show some specimen 
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of these parts of the brain as accurately as possible, I selected the three 
best of my specimens and have had them delineated. In Fig. 8, 
ABCDEFGHIK designates an extremely minute portion of a pig^s 
brain,— the particle BCDEF lying quite dose to the meninx. AB, KC, 
ID, HE and GF, designate blood vessels which, immersing themselves 
more deeply into the cerebrmn, escaped the sight; for the few and scat- 
tered blood globules which flow through them have not enough redness 
to make the vessels visible. Those particles that are interjected length- 
wise between the blood vessels, and are, as it were, continued from them, 
we have rightly called fibrils of the cerebrum. These fibrils which have 
hitherto escaped my sight, are shown as cut, not straight across, but 
obliquely. In the same figure, ML denotes the ruptured particles of the 
above mentioned fibril. {Epist, xxxiv, pp. 330-1.) [Fib. 128, 129, 169, 

173.] 
37. In Fig. 9 the letters NOPQRS denote only a very small part 
* of what we saw through the microscope; and it is delineated merely 
to exhibit to the reader the membrane, PQR which covers the cere- 
brum. The artery, NQ, seen in the middle of the figure, to which, on 
both sides, are joined fibrils of the cerebrum, is much thicker in the 
middle than at the extremities N or Q. The reason is, because the 
fibrils seen between NOP and NSR have so contracted or shrunken, 
that they have torn the artery; the middle portion of the latter, there- 
lore, bulging to both sides, is necessarily thicker. Moreover, I placed 
under the microscope a minute portion of these fibrils of the cerebrum 
of which I had happily succeeded in making a longitudinal section. 
They are shown in Fig. 10, by ABCDEF. These fibrils exhibit to the 
sight four of their sides; indeed at one time I saw a fibril furnished 
with six sides. Hence follows the conclusion that one fibril consists of 
a number of fibrils. The fibrils shown in the figure were not taken from 
the neighborhood of the meninges, but from about the very centre of 
the cerebrum, and they consist of such minute particles, that you can- 
not recognize any shape in them. These cerebral fibres are, I suppose, 
covered with delicate little membranes, which because of their extreme 
minutencfss never bare themselves to our sight But unless we suppose 
their existence, how can we account for the separation or distinction 
between the fibrils which our eyes behold? This minute portion of the 
cerebrum was so shrunken, that in two places, BG and BH, the cere- 
bral fibrils were ruptured. I therefore conjecture that those fibrils had 
been connected with each other by little membranes. A second rupture 
of the fibrils is seen in the same figure at IK and IL, where we see 
fibrils connected with the fibril I, and, above KL, with other fibrils 
also. What we see in the neighborhood of A and F are particles which 
lie enclosed in the cerebral fibrils and which have been laid bare by the 
scalpel, or by the incisions of the scalpel. When we see the fibrils of 
the cerebrum disposed in this manner, and when, at the same time, we 
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contemplate the fit>rUs shown in Figs. 8 and 9, we must consider it as 
established that the Mood vessels delineated in these figures were cut 
lengthwise exactly along the line of their channel, and that the cerebral 
fibrils were cut across obliquely, so that to our eyes the latter appear 
incomplete. If now we reflect on the softness of the particles of which 
the cerebrum is contextured, and on the necessarily fragile nature of 
the parts that clothe the cerebral fibrils, we can readily imagine how 
that these parts would never become visible to human eyes. . . . But 
the above mentioned fibrils of the cerebrum, though conjoined with 
blood vessels in the manner just mentioned, and receiving from them 
their increase and nourishment, are yet by no means offshoots of these 
vessds, for I hold that these fibrils are not posterior in origin to 
vessels, (ib. pp. 33i-3«) [P^b- 129, 169, 170^ 177, I73.] 

38. When I again secured the brain of a pig, I at once removed the 
investing membrane, and placed some parts of the cerebrum under the 
microscope. Examining them with the closest attention, I found fibrils 
of the cerebrum contiguous to the meninx ; but as far as I was able to 
distinguish by sight, they showed a preference for the round rather 
than the quadrangular figure. . . . And although, during late years, 
I have examined the brains of many animals, what I have just ex- 
plained has never before met my eyes. After the brain had been dried 
out I was not able to distinguish the parts just mentioned; but when 
I placed before the microscope fibrils of the cerebrum that had been dis- 
sected transversely I was able to discern their borders; still it was neces- 
sary to fix the gaze so intently that unless I had known that it was 
these fibrils that I had dissected, I would never have been able to pick 
them out I have often made longitudinal sections of the fibrils of the 
cerebrum where they are adjacent to the meninx, and finally, I was 
fortunate enough to successfully place them so dissected under the 
microscope without a break. I at once had them drawn, and they 
are shown in Fig. 11, by ABCDEF, CDE denoting the membrane in- 
vesting the cerebrum. Where these cerebral fibrils are stretched length- 
wise, they are rendered uneven by a number of rugosities, which the 
artist has imitated as accurately as he was able. The gap between A 
and D is caused solely by this corrugation, whereby some of the fibrils 
are drawn apart from eadi other. I afterwards tried to so separate the 
fibrils of the cerebrum from each other as to see both their thickness 
and their breadth; but, in the process, they were, in part, broken into 
minute fragments. I placed the largest of these fragments, although it 
also was broken, under a higher powered microscope, and, in Fig. la, 
I have had it designated by GHIKLMN. The rupture of this portion 
is seen in two places, namely, HI and KL. The blackish color, marlced 
MN, denotes the thickness of the fibril. As regards the flexures seen 
in the same place, I am unable to say whether it was I who made them, 
or whether they were caused by the pressure of adjacent parts. I take 
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it that these fibrils of the cerebrum are easily four times thicker than 
the flesh fibrils of the ox. Moreover, I placed under the microscope 
an extremely fine particle of the cerebrum, in which appeared an in- 
credible multitude of blood vessels cut transversely and at right angles; 
indeed, all the parts designated in Fig. 13 by the letters OPRSTVW, 
even to the very dots, are nothing but blood vessels. Y and Z desig- 
nate two larger vessels, containing clotted blood; here also it can be 
seen that the tunics of the veins have been partly torn away from the 
cerebrum. STVWX indicates the parts of the cerebrtun which were 
raptured in the process of drying. Through all the blood vessels shown 
in Fig. 13, which occupy a space no larger than a grain of coarse sand, 
there is no doubt that the blood runs and circulates with a perpetual 
flow and reflow. (ib, pp. 334-6.) [Fib, 129, 177, 128, 169.] 

39. I have not tmfrequently found nerves which I had dissected 
transversely, to be divided by the finest membranes into three, four and 
also more nervules; and this in such way that the whole collection of 
nervules, that is, the large nerve itself is girt by a more robust mem- 
brane. When I placed under the microscope a nervule no thicker than 
a swine^s bristle and of a somewhat flat shape, I judged it to be compacted 
of at least thirty nervules; and this in such way that each individual 
lesser nervule was girt with its own, proper membrane. Later I came 
upon a nmch finer nervule which I judged to consist of seven or eight 
nervules all enclosed in their own little membranes. ... I once 
noticed a little vein passing transversely through an extremely minute 
nerve and giving off a great number of shoots. Not infrequently also 
I have seen an arteriole running through the length of a nerve and 
scattering into branches filled with blood In some nerves I have seen 
blood vessels of such fineness that the blood in them was not tinged 
with red, nor could the vessels themselves be discerned except by the 
most intent gaze. . . . The extremely minute vessels, of which, for 
the most part, the nerve is contextured, are also clothed with their 
own little tunics, not unlike the veins and arteries; but these little 
tunics are not conglutinated or coalescent with each other; but as I 
have often observed, each nervule is assigned its own separate place, 
and is covered about with its own little membrane, exactly as we have 
declared with respect to the fibrils of fishes and to the fleshy fibrils, 
namely, that they are all invested with their own little membranes. 
. . . Moreover, I observed that those parts of the nerves which 
performed to them the ofiice of vessels, were made up of an incredible 
multitude of long^sh and extremely fine little parts ; and, just as tendons 
with their flesh fibrils are so formed that their parts are well adapted 
for extension and contraction, so also, as I found, these longish 
parts or filaments of the nerves are formed after the same plan. For 
when I separated the stamens from each other I saw them convoluted 
and curved into spirals after the manner of snakes. (Epist. xxxvi, pp. 
3SO-3.) IFib. 174, 240, 209, 208, 25a] 
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4a I noticed fibrib which were joined together at one point, and 
then, at another, diverged from each other, and a little later again 
united; and if I remember right I have observed similar conjunctions 
in the muscles of a heart taken from a certain animal. On the basis of 
this observation I reasoned, that the fleshy fibrib of the heart, being 
affixed to no tendons so far as the eye can follow them, must neces- 
sarily be conjoined and connected with each other, and, being thus 
assisted by mutual forces, are equal to carrying on the work for which 
they are destined; I reasoned then that the same thing must be true of 
the cerebrum. In order to make this dear as far as possible, I have 
had delineated an extremely minute particle of the cerebrum as seen 
under the microscope. It is shown in Fig. 14 by ABCDEF, where 
CD are fibrib of the cerebrum, disjoined from each other, then com- 
ing together, and again diverging, but once more returning to the 
union at I, and still again at H. I have observed these alternations of 
conjunction and secession also in other places. Moreover, I placed 
under the microscope a ruptured particle of a cerebrum, designated by 
KLMNOPQR in Fig. 15, where we see two fibrils digressing from 
each other at the letter N, and at once associating with other fibrils. 
Such consociations of fibrils can also be seen in other fibres. (Epist. 
xxxiv, w>. 338-9.) [Fib. 131, W] 

41. I have had delineated a minute particle of the tendon of a sheep, 
denoted in Fig. 16 by ABCDEFGHI, and showing what a number of 
septa are contained within this little portion of tendon. These septa 
consist of longish particles, which in their turn are woven of odier 
longish particles but finer. These parts which I call septa are separated 
from each other by membranes, and, seeing that the larger tendon is 
covered with a membrane, each one of these may be called a tendon; 
but as soon as we come to that part of the tendon where it is to be 
inserted into the muscle, it b easily divided into a thousand tendons. 
The several septa shown in the figure recede from each other, and after 
the recession the individual parts are invested with a fine little mem- 
brane. ... I recently found that not only are tendons invested 
by a strong membrane, but that this membrane gives rise to little 
branches, and that these, luxuriating into new branches, form those 
septa, of which we have just spoken; and that these again are db- 
persed into lesser tendons. The membrane covering the larger tendon 
b denoted in the figure by lABC. The figure also shows what a ntun- 
ber of branches, springing from the larger membrane, insinuate them- 
selves into the tendon and distribute it into lesser tendons. {Epist. 
xxxiii, pp. 319, 320^ 322-3.) [Fib. 222.] 

4a. I then placed under the microscope a minute portion of a tendon 
cut straight or longitudinally, and I clearly recognized that the tendon 
was compacted of six or eight smaller tendons. In each of these 
tendons the form was a spiral one, — a form which, in the motion of 
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bodies, seems to be especially adapted for contractiofi and extension. 
Furthermore, I have had delineated a minute tendon which was ad- 
jacent to the outside of the tendon just mentioned. It is shown in 
Fig. 17 by the letters KL. Here may be seen the spiral parts, or parts 
revolving and rotating in a gyre, and which lie on the tendon just like 
the thread or edge on a screw. And indeed nothing can be imagined 
more suitable for the exercise of contractions or extensions than this 
spiral figure and rotable nature. Nor is that spiral figure and that form 
of drcumvolutionary parts confined only to tendons, for neither is it 
wanting in the fleshy fibrils which are annexed to the tendons. . . . 
In this figure between K and L are also shown the parts of which the 
little tendon is contextured, — although I could never have distinguished 
these minute parts unless they had previously been separated. But 
after they had been separated, we then recognized in them those small 
and snake-like spirals which they had had before the separation when 
they had been collected into a minute tendon. If we see these things in 
the larger animals, we must certainly hold that the same things exist 
also in the smallest animalcules. As regards myself, — in the legs of 
the flea I can most distinctly recognize not only tendons and fibrils, 
but also the spiral and volutionary contractions oi the fibrils, which, as 
I can clearly discern, is also not wanting in the muscles of the flea. 
In flesh taken from the legs of a wild bee I not only observed spiral ex- 
tensions and contractions, but I also found that the fibrils of the bee are 
but little more slender than those of the ox. {lb, pp. 323-4.) [Fib. 

258.] 

43. When some oysters were lately brought to the table certain of 
them held their shells so tightly dosed, that although the knife was 
forced between them it would hardly pierce; indeed it had to be 
pushed with considerable force, and by this I broke the tendon which 
held the shells so tightly closed. This tendon, — although it was exceed- 
ingly minute stretched lengthwise, — ^I afterwards cut into a number of 
very thin slices which I put under the microscope and carefully ex- 
amined. I found that they differed considerably from the tendons of 
other animals, both in texture and in operation. The contractions in 
the tendons of the oyster are not effected by circumvolutions as is the 
case in the tendons of animals, but by folding. It is as though we took 
a piece of paper and, folding it from both sides, atUched one end to 
the upper shell and the other to the lower. When the oyster very 
slightly opens its shell the folds of the tendon are somewhat unfolded 
or unrolled; but when the shells are again closed the folds subside and 
^>proach each other. For a better understanding of the structure of 
diis tendon I have had a very small portion of it delineated in Fig. 18, 
where it is designated by MNOPQRSTV. In this figure we see a 
small and slender tendon contextured of many compacted fibrils. When 
I looked at the tendon more attentively and saw its manifold fibrils 
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colligated by membranes, I noticed that the fibrils so colligated made a 
little thread, and that from a number of these threads was formed a 
thicker thread. In the process of drying these threads or fascicles were 
separated from each other, as seen between NO, OP and PQ; O and 
Q designate the torn membranes by which the fascicles had been in- 
vested, (lb, H>. 325-326.) [Fib, 188, 222.] 

[44.] BoERHAAYE. {InsHtwHones MedictB.) The arteries of the 
brain are interwoven in the pia mater in firm order, as in a base in- 
credibly thin like a s{Mder web. From every point of this meninx they 
send down, almost perpendicularly, little twigs, and these, by a process 
of anastomosis similar to what characterizes the arteries, are formed 
into, as it were, a membrane which, by its insinuation, makes the fur- 
rowed and deq> gyres into which the exterior mass of the cerebrum 
and cerd>ellum is divided almost down to the medulla, — ^the furrows of 
the cerebellum, however, not being so deep as those of the cerebrum. 
These furrowed tracts, convoluted into the form of the intestines, may 
again be resolved into smaller and similar tracts all formed by the in- 
sinuation of the pia mater. They carry red vessels only on their outer 
surface and apply them to the matter which they enclose. The sub- 
stance thus enclosed is for the most part never suffused with any red 
color, never admitting any sanguiniferous artery or vein; and what 
remains in the cerebrum and cerebellum after the latter have been in- 
jected with wax, macerated in water and freed by abrasion of every 
part not filled by the injection, appears as a congeries of vessels, like 
flock or down, minute, extremely soft and juicy, dissolving at the very 
least force, and turning into a pasty humor by mere suspension in plain 
water, (n. 236.) [Fib. 128, 137.] 

45. The outer cineritious, soft, and more humid substance is called 
the cortex of the cerebrum and cerebellum. It everywhere closely in- 
vests the entire origin of the other substance, which is within, is ex- 
tremely white, more solid, and less juicy, and is called the medulla of 
the cerebrum and cerebellum. It is clearly manifest, therefore, that the 
latter everywhere first arises from the former, both in the appendices, 
the ventricles, the crura, and the medulla oblongata. But in the in- 
terior of the medulla spinalis, on the other hand, is found a substance 
similar to the cortex, being in like manner wholly arterial; but it is 
here surrounded by the medullary substance; which is just the reverse 
of what obtains in the former case. In the cerebellum, these two sub- 
stances are so conspicuous that the manner in which the medulla pro- 
ceeds from the cortex, and the distinction between the two, their pro- 
portion, and fabric, can all be clearly discerned. It can also be seen 
that the cortex here is always harder and more yellowish than the 
cortex of the cerebrum, (n. 237-8.) [Fib, 127, 231.] 

46. When Hippocrates, Wepfer and Malpighi compared the cortex 
of the brain, carefully examined, with the fabric of glands, having 
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found a similarity clear to the eyes, they took the cortex of the brain 
to be truly glandular. Malpighi declared that these glands, — angular 
and of an oval shape from the pressure of the neighboring glands, 
tortuously arranged, small,— connected with other glands, shortly con- 
stitute larger aggregations, and that from these again grow still larger 
aggregations, and that finally from the aggregate of these results a 
mass like the convoluted intestines, and from these masses the outer 
cortex* So that the last little branches of the carotid and vertebral 
arteriole here convoluted into the structure of a gland, exhale from 
their infinitude of tiny mouths a most subtle humor drawn from the 
blood, and instill it into their follicle to be conveyed therefrom into 
the emissary, the rest of the blood being returned by the little veins 
into the sinuses. Malpighi's opinion is favored by the eye; the micro- 
scope; the boiled brain dividing up into molecules like glands; the wip- 
ing off of ink that has been poured over the cortex, thus showing up 
the prominent little masses distinguished by clefts; the hardening of a 
diseased brain into a stone like a mulberry ;'^ its corruption, when 
contused, into a kind of glandular fungus rising up from the opening 
of the fractured cranium; the change of the parts that constitute the 
external brain into evident spherules as a result of cerebral dropsy, — 
all these things prove that here is the same equipment, though more 
subtle, as elsewhere in glands. But whether the ultimate little twig 
becomes the very origin of the fibrous substance of the cerebrum by 
direct continuation, as would appear from Ruysch's observations, is 
not made certain by any sufficiently strong argument. While, by rea- 
son of their fineness these ultimate twigs vanish from the keenness of 
our sight, yet when they are filled to the uttermost by Ruysch's method 
the medulla never reddens but remains perfectly white. Nevertheless, 
for many grave reasons this opinion seems to be extremely probable. 
These ultimate little branches, or these least glandular follicles, send 
out delicate fibres, — ^white, compact, the unition of which forms the hard 
(callosum) and medullary body whereon the cortex rests and whereto 
it is connected, — which become more and more consistent both in the 
cerebrum and in the cerebelliun. So that there is never an end of the 
cortical substance where is not found at the same time a beginning 
of the hard (callosum) or medullary body. The cortical machine so ac- 
commodates itself to the medullary body that it not only adheres ex- 
trinsically to the cerebrum and cerebellum, but also accompanies the 
outermost appendages of the corpus callosum, the ventricles at the 
beginning of the medulla spinalis, and the long course of the latter out- 
side the brain, — ^but in such way that the cortex is here laid up within 
the medullary portion, a median sinus being thus intercepted, and is 
irrigated with numerous arterial vessels. Therefore, in every part of 
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the encephalon, where there are least invisible arterioles, accompanied, 
as we must necessarily admit, 1^ invisible little veins, there we find this 
cortical mass; and this, not only in the external surface but also in the 
recesses, circumvolutions, interstices, and appendages, (n. 263-6, 267, 
268.) IFib. 12S, 137, 91, 213, 231.] 

47. Since something of die medullary substance arises from eveiy 
point of the cortex, therefore, at the commencement of its origin it 
must be extremely tender; joined with other like substances it gradu- 
ally thickens, and, becoming at last visible, constitutes the medulla of 
the cerebrum, the corpus callosum, the crura of the medulla oblongata,! 
the tuberosities; and also the medulla of the cerebellum, and its 
productions into the medulla of the cerebrum; which latter, receiving 
these contributions, is extended into the pyramidal and olivary bodies 
and into the medulla spinalis as far as the second lumbar vertdxa, 
whence it goes off into nerves distinguished from each other by 
coverings taken from the pia mater and which in their mass resemble 
a horse's tail From this medullary mass within the cranium and 
within the vertebral sheath arise all nerves whatsoever. But that these 
primary filaments are separate and distinct from each other, although 
when united they seem to form one compact body, is clearly evident to 
anyone who considers: i. Their origin, elements, and progression 
while they are still single. 2. The raw or boiled brains of fishes, hares, 
sheep, and oxen, wherein deep-set cylindrical fibrils clearly appear, laid 
side by side like the teeth of a comb. 3. The delicate blood vessels set 
between the fibrils and making manifest division. 4. The cortex inter- 
posed in the centre of the medulla spinalis surrounded 1^ medullary 
substance. 5. The white fibres scattered through the midst of the 
cortex found in the posterior part of the medulla spinalis while it is 
still within the cranium, and at the sides of its commencement, also 
within the cranium, and, best of all, in the appendages of the corpus 
callosum and in the cerebellum. 6. The gathering and dispersion of the 
medullary fibres into the medulla oblongata and from there into the 
nerves, (n. 269, 270.) [Fib, 91, 213, 231.] 

48. We may well believe that the medullary fibrib of the cerebellum 
-^a body whose medulla gives forth no nerve — ascend upwards from a 
situation beneath the commissure toward the anterior parts of the 
medulla oblongata and there give to the nerves rising from the cere- 
bral medulla, certain fibrils of the cerebellum, the distinction in origin, 
progress, and office being always accurately preserved. This will be 
manifest to everyone who contemplates the different insertions of the 
medulla of the cerebellum into the medulla oblongata of the cerebrum 
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the thalami of the optic nerves, the medulla oblongata and its crurat 

f The pedundet of tke cerebrum. 
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and tbe mass thence resulting; and who also considers the fact that the 
^inal nerve returns from the vertebral sheath into the cranium in 
order that it may there join itself to the nerve of the eighth pair. The 
other fibres of the cerebellum are so mingled with the fibres of the 
cerebrum that there is perhaps hardly a part of the whole medulla 
oblongata and medulla spinalis, where fibres of the cerebrum are not 
found commingled with those of the cerebellum; so that in the com- 
position of the body of the nerve, they arc certainly everywhere concur- 
rent for the production of wholly diverse and distinct effects, (n. 273.) 
[Fib, 98, 231, 91.] 

49. Whoever considers, i. the nature of the cortex as set forth above, 
and the fact that the medullary fibrils arise from it in the most distinct 
way; 2. the similarity of this arrangement, with every other part of the 
body; 3. the vast abundance of the very finest, purest and most mobile 
arterial blood, undespoiled of its subtlest part, that is driven hither 
with great force by the neighboring heart; 4 the exquisitely fine fluid 
always and everywhere to be found by sight, touch, and especially by 
the microscope, within the medullary substance when dissected, — ^a fluid 
which in diseases of the injured brain, is often greatly augmented; 5. 
the fact that the veins return to the heart the blood which has been 
brought to the venous sinuses by veins from the pia mater and the 
cortex of the cerebrum and cerebellum; 6. the constant, ordered and 
proportioned increase, nourishment, propagation and return of these 
stamens from the first point of life to the last goal of life, — such a one 
must judge these fibres to be pervious little channels of the utmost 
fineness, that take up a humor, the most subtle of all in the human 
body, which, prepared and secreted in the wonderful fabric of the cortex 
and driven by force into these tubes, is collected from every point of 
the cortex into the medulla oblongata, (n. 274.) {Fib. 142, 197.] 

50. If further, with attentive mind, one comprehends, i, that the whole 
vascular medulla is expended on the constitution of nerve fibrils, yea, 
goes off into such fibrils by mere continuous extension; 2. that when 
the medulla of the cerebrum or cerebellum is compressed, cut, rotted, 
eaten away, every action accustomed to be done through the nerves 
arising therefrom, is at once abolished, even though the nerves con- 
tinue unimpaired, and with membranes intact; 3. that the nerves, 
everywhere lax, pendulous, curved, retrogressive, oblique, yet execute 
motions and sensations with the utmost promptitude; 4 that, neverthe- 
less, when compressed and constricted, the nerves, even though unim- 
paired, lose every faculty of motion and sensation in the parts that lie 
between the ligature and the last places to which those nerves are ex- 
tended, their power between the point of ligature and the medulla of 
the cerebrum and cerebellum being unaffected, — he will most certainly 
conclude that the nerve fibrils assiduously receive the humor of the 
medulla, transmit it, and carry it down to every point of the whole 
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body by the most distinct paths; and that in this use alone do they 
entirely fulfill their office, (n. 284.) [Fib, 142, 197.] 

51. Does it then seem wonderful to you that the eye cannot follow 
the presence and motion of this humor; that ligatures, wotmds, punct- 
ures, suctions, air pumps, injections are of no avail to exhibit it before 
the eye; that by no skill can the cavities of the nerves be laid before 
the keenness of its vision? Truly, he who attempts such things with 
this intention, knows not the nature of these vessels and of the liquor 
itself. But he who, on this account, denies the existence, in these little 
vessels, of cavities that flee the sight and elude the skill, b surely 
ignorant of the rationale of our body in its origin, progress, opera- 
tions, and excretions ; and knows not the structure of insects, nor gives 
heed to the phenomena which so manifestly occur in plants. There- 
fore, also gross is that error which recognizes the thickish lymph that 
trickles from the cut nerves of an ox's tail, as that humor, which we 
have just described. . . . This humor, by reason of its perfect sim- 
plicity, mobility and volatility, we call the spirit of the nerves, — a spirit 
which is natural, vital and animal, (n. 289-291.) [Fib. 84, 142.] 

[52.] RuYSCH. The ancient anatomists assert that the brain is a 
substance sni generis such as is found nowhere else in the whole body. 
. . . Hippocrates in his treatise on the Glands lib. iii, sec 7, at- 
tributes glands to it and this doctrine has been reasserted by modem 
anatomists, among them being Malpighi, Bohn, Stockhammer and 
Vieussens, who have supported it with many experiments. But after 
injecting the smallest arteries with customary dexterity so that the very 
least branches, filled full, appeared like a mass of hair, we saw with the 
utmost clearness that the cortical substance consists of mere blood 
vessels, variously combined of the tiny arteries issuing from the inner 
surface of the pia mater, and presenting the appearance of moss or 
of a mass of hair. This mass of hair, so to speak, is nothing else than 
the drawn-out extremities of little blood vessels; and these, as I have 
also remarked when treating of the spleen, at their extremities, are seen 
to put on another nature and disposition ; for they are so soft and liquid 
that unless filled with some injection they can hardly, if at all, be handled 
without danger of their dissolution,. (Epistola xii, pp. 16-8.) [Fib. 
138, 137] 

[53.] Ruysch describes the pia mater of an infant as being so tender 
and subtle that hardly anything membranous was to be seen ; yet it con- 
tained arteries in such great number that it seemed to consist almost 
wholly of little arteries, — ^a fact which cannot be demonstrated unless 
the arteries be filled with a wax injection; without which the pia mater 
seems much thicker, its thickness being contributed to by the empty 
vessels. "These arteries (says Ruysch) can hardly be intended merely 
for the nourishment and warmth of the pia mater, for this membrane 
is too fine to need so great an abundance of vessels." He therefore 
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conjectures that the principal use of the membrane is to hold the blood 
vessels in their natural situation; and that the arteries, in their ex- 
tremities, constitute the cortical substance. This is why there is so 
much difficulty in separating the pia mater from the cortical substance 
of a healthy brain. (Thesaurus Auatomicus* I, Asser. ii, n. 13; I. As. 
vi, n. 8; VIII, n. 18; III, n. 40, 68; V, n. 24; X, n. 17). He describes a 
portion of a pia mater with a part of the cortical substance annexed 
and which is seen quite plainly to consist of mere extremities of blood 
vessels. "These extremities become softer and softer, so that finally 
they may be dissolved into a pultaceous substance by the mere use of 
water. If, however, the cortical substance has been hardened it loses 
its sohMe character and becomes lumpy." (Thes. Anat I, As. iii, n. 19.) 
Ruysch also describes a portion of pia mater where the cortex is of a 
red color by reason of the injection of the arteries, while the medulla 
has remained white, (ib. X, n. 19; V, n. 45, 48.) In one case he so 

loosened the arterioles in an injected pia mater that it could be plainly 

seen that the cortex consists of mere blood vessels and not of glands ^ 
(•6. X, n. 33, itTJ "Convinced by experience I now think that the 
cortex consists only of the ends of. antSDOl^s which have changed into 
anoUiier nature; that is, that the ends of the ultimate arterioles of the 
pia mater, changed into a new nature, are the cortex itself." {Epist. ad 
BoMium, p. 10.) [Fib, laS, 137.] 

In Table xiv Ruysch shows a portion of cortical substance suspended 
by a hair in liquid. The outermost arterial branches are seen to be so 
subtle as to become invisible except by the microscope and idien in- 
jected with wax. They dien present the appearance of a mass of 
hair. The figure also shows diversiform particles which are nothing 
^^^t than the juicy extremities of arterioles which, although they are 
continuations of arteries, yet, by reason of their softness, are so set 
together, as to put on the ai^>earance of a distinct and peculiar sub- 
stance. (Epist. vii.) [Fib. 128, 137] 

[54.] The pia meninx insinuates itself between the interstices of the 
cerebrum and of the cerebellum; but it must not be thought that this 
insinuation is effected in the same way as that in which the omentum 
is let down among the convolutions of the intestines, or as a cloth is 
pushed into various hollows. By insinuations of this kind the length 
and breadth of the omentum or of the cloth is, of course, diminished; 
but this is l^ no means the case with the pia mater. This is clearly 
evident from the fact that after this membrane has been carefully sep- 
arated from the cerebrum and cerebellum its size and extension is not 
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increased, howsoever much it had insinuated itself into the windings, 
unless the connections made by means of the fibres and vessels be 
everywhere removed by the hand when lifting it. It seems to me, there- 
fore, that this pia meninx sends down certain processes into all the 
furrows and windings in an almost similar way as the falciform pro- 
cess under the longitudinal sinus emerges from the duplicature of the 
dura mater; so that the whole pia mater produces as many processes 
as there are windings, and these not falciform in figure but windinflr 
in a serpentine course. In like manner the pia meninx is immersed 
into the interstices of the cerebellum with as many falciform processes 
as there are furrows or windings; and when it is taken off and sep- 
arated it presents a very pleasing appearance of the cells of the white 
poppy. {Epis, vii.) He mentions having injected a portion of a human 
brain, but not so fully as to color the cortex. When this brain became 
as hard as soft cheese he broke it into pieces. One of the pieces, whidi 
he has preserved, shows how deeply the pia mater insinuates itself be- 
tween the furrows of the cerebrum; therefore the cortex is made up of 
these arterioles disseminated throughout the pia mater, not only in the 
surface of the cerebrum but also between its furrows. (Thes, AnaU 
X, n. 28.) "Among all my discoveries within the past forty years stands 
out the discovery that the cortical substance of the brain is not glandu- 
lar,— as anatomists have wrongly described and depicted it, and as they 
have asserted with assurance,— but is wholly vascular, (t^. VI, pp. 8-ia) 
Almost all the arteries with which the pia mater abounds tend down- 
wards, in order that they may constitute the cortex; the ramifications 
of these arteries are so numerous as to excite the utmost admiration. 
(ih. VI, n. 79.) He describes a pia mater which he had preserved 
entire and almost uninjured. At its extremities the arteries were so 
wonderfully filled with his injection that their extremities represented a 
mossy covering of red vessels. In various places, moreover, the pia 
mater was rich with fat (t&. V, n. 13.) In another pia mater that had 
been injected to the utmost, Ruysch saw fat scattered through various 
parts of the membrane, {ib, V, n. 13 ; VI, n. 23.) He has also seen fat 
in the duplicature of the pia mater. (i&. IX, n. 42.) {Fib. 172, 128, 137, 

297» W] 

[55.] The knife is unsuited for the examination of the brain, because 

of the tatter's softness; boiling in oil changes its substance; and these 

processes have persuaded some anatomists that the cortex is glandular. 

Rejecting their methods I betook myself to a new and better method, 

namely, the artificial filling of the blood vessels with a red waxy matter. 

When this is done the particles of the cortical substance must be taken 

off and suspended by a hair in some suitable liquor ; then the hair must 

be seized by the fingers and the particle of cortical substance be thus 

moved up and down. By reason of the motion it then unfolds into an 

infinitude of little branches, fine as a mass of hair, but soft I have 
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devised this method not only with the cortex but also with many other 
parts of the body; without it, I think it impossible to find out their 
real nature. ... It is objected that the color of the cortex is 
ctneritioos. I do not argue about this. I merely answer that it can be 
diown that in various places the extremities of the arterioles are 
chaoged without any intermediary substance into vessels of another 
nature. ... If the cerebral arteries are injected with red wax the 
entire cortex is suffused with red, and this without any extravasation,— 
a sure sign that the cortex consists of the extremities of arteries. 
... I have never yet been able to show any venous extremities in 
the cortex. In our injection of the arteries I fill them gently and with- 
out vehemence; and if the whole cortex is affected with red without 
any visible filling of the veins, it seems likely that the superfluous part 
returns to the veins before the least arterial extremities are given off to 
constitute the cortex. (Thes, Anat. VI, n. 73, pp. 39-41) [Fib, 128, 

137] 

[Sfi.] "Many modem anatomists perversely make several parts of the 
human body to be glandular, and according to these authors the choroid 
plexus is not free from glands. Desirous of knowing the genuine 
constitution of this plexus, I examined it by my method. Filling it 
with waxy injection and viewing it both with naked eye and under the 
microscope, I found it entirely devoid of glands. But they assert that 
the glands of the choroid plexus are so minute that they escape the 
sight; and that in disease the blood and humors are so intercepted that, 
being swollen, they then plainly strike the eye. If, however, such glands 
come to view in a diseased state I would hold them as a disease rather 
than as natural glands. Later, I came across parts of the choroid 
I^exus which resembled glands; but examining them more accurately, I 
discovered them to be hydatids, being nothing else than vessels turgid 
with serum; for I do not hold with those who suppose that only 
lymphatics are turned to hydatids, since the extremities of blood vessels 
are especially subject to this ill. Daily inspection of corpses has made 
me quite certain of this." Ruysch cites the case of a man died of dropsy. 
On opening the body he found the whole liver, which is made up 
mostly of blood vessels, consisted of hydatids ; on opening which, there 
flowed out a tenacious vitreous and transparent lymph. He cites also a 
case of an insane man in whom the choroid plexus was found to be 
full of hydatids. He adds, 'This explains Vieusssens' statement that 
in a man of advanced age the choroid i>lexus seems to be made up not 
of Mood vessels but rather of lymphatics. (Epist, xii, pp. ao-3.)* 

[57.] It la worthy of consideration that the arteries of each of the 
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convolutions of the cerebrum inosculate and unite with the arteries 
of the neighboring convolutitons. It must further be noted widi respect 
to the convolutions of the cerebrum while still furnished with pia mater, 
that they never, seem to be so deep as when the pia mater has been 
taken away; their furrows and windings are then seen to be de^»er. 
I will not say anything of Bidloo's imaginary and chimerical delinea- 
tion of the glands of the cortical substance of the cerebrum, in which he 
represents that no blood vessels can be seen to pass through them either 
with the microscope or with the naked eye. {Epist, ix, pp. 9-ia) 
[Fib. 172.] 

See Ruysch's plates where he shows the little threads that, after his 
particular mode of maceration, are drawn out as continued from the 
arteries; the membranous connection being loosened and the order dis- 
turbed, the immense quantity of vessels becomes apparent. (See Tab. 
xiv, XV ; Epist, xii.) See also Tab. viii (Epist. vii) where he shows 
that the pia mater penetrates into the cerebrum in a serpentine manner 
and into the cerebellum in a falciform manner. Fig. i shows the pia 
mater of a cerebellum with its falciform processes, one of the latter 
being shown separately in Fig. 2. "The arterial vessels through this 
membrane are so numerous (says Ruysch) that had I shown them all I 
would have entirely obliterated the falciform processes.*' However, he 
shows a few of these vessels on the margin of his Figure, where it is 
seen that the inner surface of the pia mater exhibits a mossy covering 
of vessels which insinuate themselves into the cerebellum. Fig. 4 
shows a porton of pia mater from the cerebrum with its processes 
insinuated between the convolutions. These are not falciform as in the 
cerebellum, but they creep along in a serpentine course. Fig. 3 shows 
one of these processes loosened from its fibrous and vascular connec- 
tions and stretched out flat so as to show the winding course of the 
vessels. In this figure the cortical substance has been removed, and it 
consequently shows the empty compartments and cells formed by the 
winding arterioles according to the windings of the convolutions, and 
presenting the appearance as of a honeycomb. 

See also the appearance of the little places or beds of the cortical sub- 
stance within the serpentine processes of the pia mater next to the 
surface of the cerebrum in i^te x; also plate xiv and plate xv. Fig. 
7, which shows a medullary portion of the cerebrum from which all the 
cortical substance has been removed, leaving hollows or pittings of 
various depths. (Epist. ix, xii.) [Fib. 59.] 
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THE CORTICAL AND aNERITIOUS SUBSTANCE. 

67a. The cerebrum, cerebellum, medulla oblongata and 
medulla spinalis consist mainly of two substances, — a Cortical 
or Cineritious, and a Medullary or White, The cortical or 
cineritious-colored substance lies just under the pia meninx, 
encompassing the cerebrum like a bark and densely encrusting 
it. It is also found within the cerebrum, — for example, behind 
the ventricles and in the posterior lobes, — where it is sparsely 
inserted in the white or medullary substance. This same sub- 
stance also occupies the exterior parts of the cerebellum, though 
it there resides more sparsely; and it penetrates deeply into the 
cerebellum under the appearance of a branching tree. On the 
other hand, in the medulla oblongata, — for example, in its two 
principal and other eminences, as well as in the stem itself, — 
the cortical substance is interposed in the white substance in 
striae or streaks; and in its downward course towards the great 
foramen of the occiput it is compressed and concentrated until 
at last it becomes an axis holding the interior position while 
the medullary portion is on the outside. In this way it flows 
down through the whole course of the spine up to the first 
lumbar processes where at last it is no longer continued. 

Hence in its descent, the cortical substance contracts from 
the peripheries to a central axis, and in its ascent, it spreads 
out froin continual centres towards the peripheries. And this, \ 
in order that active forces and their endeavors to action tnay 
be concentrated before they are determined into act in the 
body; and that passive forces or sensations may be poured - 
forth towards the peripherics before they are perceived in the 
common sensory which is the very circuit of the cortical cere- 
brum; thus in exactly the same way as in the great system or 
macrocosm. 
I 
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Wherefore the cerebrum and cerebellum are found to be 
each divided into its hemispheres, and these again into their 
little hemispheres; and in the single divisions poles are formed 
and axes shadowed forth, to which the mediate substances con^ 
stantly refer themselves by spiral circumvolutions. Such an 
architype of the universe is delineated in the brain, especially in 
the human brain, and most perfectly in its several parts. 

And in order thai the cortical j^herules, which are so many 
forms of the forces of the little animal world and nature, may 
remain efficient, sufficient, and multiplied according to need, 
and that they may also be capable of expansion and com- 
pression both singly and conjointly, they are allotted a posi- 
tion in the spacious surface of both the brains, — a surface 
divided into tortuous windings, furrows and ridges, — j%ist 
under the pia meninx and proximate to little arteries flowing 
with the better blood. 

From these considerations it is quite apparent that in perfect 
and healthy brains and medullas, all things with their com^- 
ponent parts are so disposed and ordered that nothing more 
disposed and more ordered can be conceived of in the whole of 
nature. For each single cortical spherule is so situate, and 
each fibre so flows, that it seems to itself to be in the centre, in 
the radius, in every point of the periphery and in a thousand 
points at the same time; and thus to be established in the very 
conatus of the single parts and in the motion of the whole; and 
hence in such state that, of itself and its own nature, it knows 
what the soul is intending in the beginnings and what she is 
doing in the extremes. Hence arises the order, ratio, unanim- 
ity, harmony and love which perpetually reigns between the 
single parts and the larger and smaller wholes in this micro- 
cosm. 



68. The cerebrum, cerebellum, medulla oblongata and 
medulla spinalis consist mainly of two substances, — a Cortical 
or Cineritious, and a Medullary or White, Malpighi, Ridley, 
Bartholin and other illustrious anatomists all agree that Pic- 
colomineus was the first to observe the difference between 
these two substances, calling the cineritious body, which ap- 
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pears cloudy, somewhat turbidly transparent, and of a leaden 
or mouse color, and which first meets the eye, the Cerebrum 
proper, and the interior shining and white body, its Medulla or 
Marrow. Leeuwenhoek, on the other hand, examining the 
cortical substance to its very parts, found it to consist of ex- 
tremely pellucid, crystalline and oily matter, and therefore he 
preferred to call it Vitreous rather than cortical. Perhaps 
also, by reason of the form and essence of its parts it might 
fitly be called Granular, Glandular, or Discrete, and the medul- 
lary substance. Fibrillar, Vascular, and Continuous. But the 
objection arises that the eye, the index of the mind, prefers 
diflferences marked by colors to those which are sought from 
the texture and form resulting from nature, because the latter 
flee the imaided sight. Nor should we rashly depart from 
received usages of speech when the thing expressed is equally 
well understood by the ancients as by ourselves. One thing 
should be carefully borne in mind, namely, that this substance 
is called Cortical when it constitutes the cortex (bark) or 
outer circuit of the brain, and Cineritious when it is sprinkled 
in the interior medullary substance. 

But whence arises the diversity of color? The cortical or 
cineritious substance, which in itself is translucent, is thickly 
interspersed and beset with vessels of a reddish tinge, and is 
differentiated by continual little interstices. These induce a 
certain tempering and shade on the light of the parts, and 
thus, with the vanishing of this light, there arises a bluish grey 
color, like the grey of fresh ashes, or like a color growing 
from white to livid. The medullary substance, on the other 
hand, is woven solely of little vessels and fibres, each by it- 
self equally pellucid; but by various winding paths these fi- 
brous and vascular shoots run into flexures, they decussate and 
mount over each other, and, by mutual divarications, they form 
spongy plexuses which are beset with globules of diverse form, 
dimension, and nature, and with interjected fluids. Hence 
arises the whiteness. It is somewhat similar to the case of an 
aqueous or oily fluid, the white of an tgg and other similar 
matters made up of purely diaphanous principles, when re- 
duced into fibrous forms by means of a lixivial salt, or into 
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bullular forms, that is, into froth, by shaking. Such also is 
the case with the diamond, crystal, glass, ice and other pellucid 
bodies ; when such bodies are broken up into minute polygons 
and little pieces of differing forms, or when they are cut into 
chips, then, in place of pellucidity, there arises a bright and 
snowy color suitable for the reception of all other colors. 

69. The cortical or cineritious-colored substance lies just 
under the pia meninx, encompassing the cerebrum like a bark, 
and densely encrusting it. So great is the luxuriance of the 
parts constituting this crust that they must be numbered by 
myriads of myriads, especially in the large human brain. Their 
marvellous number may be inferred from the density of the 
crust compared with the minuteness of the parts. But in 
Transaction II, in the chapters in the Motion of the Brain, 
and on the Cortex,* you will find it deduced from the experi- 
ence of leading anatomists that there are as many forces of 
every animal kingdom, as many little brains, eyes, and internal 
sensories, and, moreover, as many leaping and animating 
points or little hearts, in a word, as many active principles and 
origins of motions and vital modes, — as there are substances 
of this cortex or cineritious body. I therefore leave to the read- 
er to judge how great is their abundance, and how ordered 
their disposition. For they are co-ordinated in such a way that 
each single substance resides and acts freely in its own little 
space ; a number of them then consociate together into a little 
ball or glome which is held distinct from its neighbor by its 
own fissures and little spaces ; these glomes in tlieir turn com- 
bine to form a more general glome, also boimded by clefts; 
and these more general glomes, again, imite together, weaving 
themselves into tracts, not imlike the convolutions of the in- 
testines, and discriminated by winding interstices and com- 
paratively wide furrows. Thus the cerebrum, which is bom 
in this substance and primarily has its existence therein, grows 
by degrees from points to its own dimensions, and from parts 
in the most distinct manner into a body. The little places 
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and beds occupied by this cortical substance lying between the 
serpentine processes [of the pia mater] next to the surface of 
the cerebrum, are shown by Ruysch in a single plate; see 
Transaction II, nos. 87, 147. 

60. It is also found within the cerebrum, — for example, 
behind the ventricles and in the postreme lobes, — where it is 
sparsely inserted in the white o^ medullary substance. For 
if the cerebrum be cut along the hollow of the lateral or su- 
perior ventricles up to its extreme borders extended over the 
cerebellum, a dense medullary substance is exposed variegated 
with darkish streaks. Thus we again find the cineritious part 
mingled with the white, almost as pictured in Vieussens' fig- 
ures. That the cineritious substance found in the recesses of 
the cerebrum, in the cerebellum, and in the medulla oblongata 
and medulla spinalis is of a similar stock aiid nature as that 
found in the circuit of the cerebrum, where it is called cortical, 
is made clear by the microscope, by the forms of the sub- 
stances and their origins and offices, by the fibres springing 
from them, and by all other criteria. Malpighi therefore has 
no hesitation in asserting this fact, his words being, "The sub- 
stance of the cortex observed in the ventricles of the cere- 
brum, and again at the beginning of the medulla spinalis, is 
of the same character [as that observed in the exterior region 
of the cerebrum]. ... In the interior portion of almost 
the whole of the medulla spinalis the cortex, which I have de- 
scribed, retains the same glandular character." [sup, n. 19.] 
(Trans. II, n. 76.) And therefore from a distinct knowledge 
of the ordination of this substance we may conclude concern- 
ing the offices which each one of its congeries, wherever set, is 
to perform in the body. But this is a work, and requires labor 
(Sed hoc opus, hie labor). 

61. This same substance also occupies the exterior parts of 
the cerebellum, though it there resides more sparsely; and it 
penetrates deeply into the cerebellum under the appearance of 
a branching tree. If the cerebellum be cut transversely up to 
the vermicular processes,* the great valve of the cerebrumt 
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and the underlying ventride or calamus scriptorius, and 
through the middle peduncle, the entire face of this tree will 
be exhibited to view; namely, a medullary trunk formed by 
the jimcture of three stems, with its branches, twigs and leaves. 
For so does the pia mater wind its way ; the capillary vessels 
press upon this membrane; from these vessels spring the 
cortical spherules; and on these grow the fibres, each being 
so disposed that, by discriminations of colors, light and shade, 
a spreading forest is represented. The cortex itself is bom 
into this form as soon as it is brought forth, and into this form 
it begins to bud out from its tender infancy ; for it straightway 
branches around its arterial mother, on whom it hangs like a 
cluster of grapes on its stem. Thus it is initiated into this 
its form from its first origin. Similar arboreal forms, effected 
by these two differently colored substances, are seen in the 
cerebrum, as is evident when any of the tori or glomes of its 
substance are cut transversely; cf. Trans. II, nos. 76, 79, 150. 
Thus the brain is seen to be a conglomeration of as many 
little brains as there are congeries of the cortical parts. 
The cause of this vegetation is evident, for in this way and 
no other can the cortical origins bring forth their offspring 
or fibres, and, having brought them forth, can nourish them 
in particular and in general, and educate and rule them ; and 
they, depending on their arterial parent, can freely accomplish 
in the meningeal folds their modes and motions, can draw 
their breath, and be expanded and constricted. 

62. On the other hand, in the medulla oblongata, — for ex- 
ample, in its t7vo principal and other eminefices, as well as in 
the stem itself, — the cortical subsftance is interposed in the 
white substance in strice or streaks. As in the corpora striata, 
the thalami of the optic nerves, — called also the crura of the 
medulla oblongata — the annular protuberance,* the pyramidal 
and olivary bodies, and the stem of the medulla oblongata 
around the fourth ventricle. The bodies first mentioned are 
far more striated than the others, the optic thalami being subtly 
besprinkled with cineritious substance, or with tender little 

♦Pons Varolii. 
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eyes. But at the extremity of the medulla oblongata, anterior 
to the great foramen of the cranium, the discriminations or 
strise begin to run together; for the cineritious layers there 
converge into an axis. Thus we have the explanation of our 
next induction, namely, And in its downwa/rd course toward 
the great foramen of the occiput it is compressed and con- 
centrated until at last it becomes an axis holding the interior 
position while the medullary portion is on the outside. 

68. In this way it Hows down through the whole course of 
the spine up to the first lumbar processes where, at last, it 
is no longer continued. The first region of the spinal axis is 
called the cervical region, the second the dorsal, and the third 
the lumbar. The cineritious axis runs through the middle of 
this spinal cylinder or pipe, while the white substance occupies 
the surface, — ^just the opposite to what obtains in the cerebra. 
Then comes a medullary substance, emulous of the nerve, with- 
out any interspersed cineritious substance. This, descending 
like a cone, ends in an apex where it is called the cauda equina. 

64. Hence in its descent, the cortical substance contracts 
from the peripheries to a central axis, and in its ascent, it 
spreads out from continual centres towards the peripheries. An 
axis is an elongated and continued centre; for in a cylinder, 
cone and other like figures there are as many centres as there 
are peripheries. The simple or circular figure enjoys only one 
centre; the ellipse, on the other hand, has many, extending 
from focus to focus ; and so with other figures, respectively to 
their surfaces. But I would perhaps seem to be relating 
wonders, if I should say that there is a figure whose centre is 
in every point of the periphery, or whose periphery is made up 
of mere centres. Of this figure we shall treat in the following 
pages . 

66. And this, in order that active forces and their en- 
deavors to action, may be concentrated before they are de- 
termined into act in the body. It is well known even to tyros 
that the beginnings of all bodily actions are in the brains ; for 
will and determination precedes the action itself which is 
effected by the motion of muscles. It is likewise also evident 
that the fibre drawn forth from the cortex of the cerebrum 
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flows down through the medulla oblongata and medulla spin- 
alis towards the origins of the nerves, and through these, it 
flows with the active forces of the cerebrum into the muscles. 
From these facts it now follows that the. verimost beg^ningp 
of actions reside in the cortical substance of the cerebnun. 
These substances, therefore, may be deservedly called the 
forms of the forces of animal -nature. But instead of active 
forces let us substitute the nature of heavy bodies, for the two 
mutually correspond. The light of experience shows that, for 
the sake of coming to a state of rest or equilibrium, heavy 
bodies are in a perpetual endeavor towards the centre of their 
sphere, called the centre of gravity, or to their punctum im- 
mobile. So it is also necessary that active forces, with which 
heavy bodies are compared, be concentrated in the brains, as in 
atmospheres, before they are determined into act, or give forth 
an effect. Aristotle seems also to have observed this, where, lie 
says, "The heavy is that which is prone to be borne to the 
middle, that is* tp.the centre ; the most heavy, that which is gath- 
ered, under all other boc'ixis [which are borne downwards]. 
Everything that is borne upwards or downwards has either 
lightness or gravity, etc. A body which is borne in a circle 
cannot possibly have either gravity or lightness. Local motion 
in a straight line is not in accordance with nature herself." 
(De Coelo, lib. I. cap. iii.) He proves that neither what is 
borne to the middle nor what is borne from the middle can be 
infinite, because the middle is something definite. (Ibid, cap. 

vi.) 

66. And thai passive forces or sensations may be poured 
forth towards the peripheries before they a/re perceived in the 
common sensory which is the very circuit of the cortical cere- 
brum. Sensations, because they are modifications arising from 
touch and are received by the common sensory^ are so many 
passions* of the soul, and, therefore, they are to be classed as 
light bodies which strive from centres to surfaces. For the 
sense of touch is carried by its own fibres into the axis of the 
medulla spinalis and thence upwards towards the cortex of the 



♦Passion is here used in its root meaning as opposed to action. 
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cerebrum; taste and hearing into the medulla oblongata, and 
thence by continuous fibres towards the same circuit; smell 
through the cribriform plate into the corpora striata above, and 
thence into the whole cineritious and cortical substance of the 
cerebrum ; sight, like the rays of light or the modes of sound, 
runs by a still shorter route, namely, through the optic nerves, 
the thalami of those nerves, the striated medullary substance, 
and especially through the base of the fornix and the corpus 
callosum, into all the cortical spherules, which are so many 
little sensories, and internal eyes of the utmost acuteness. See 
Trans. II, nos. 191 to 195. Thus in exactly the same way 
Of in the great system or macrocosm. 

67. Wherefore the cerebrum and cerebellum are found to 
be each divided into its hemispheres, and these again into their 
little hemispheres. The cerebrum is divided by the falx and 
the longitudinal sinus ; the cerebellum by the insinuation of the 

'dura mater— ^tfiough here the division is not so plain ; and the 
medulla spinalis by the anterior fissure. In like manner also 
the cortical volumes of the cerebrum, and the lamellar insinua- 
tions of the cerebellum are divided by the falciform processes 
of the pia mater, and by little arterial quasi sinuses. So also 
the particular glomes of this same cortical substance, which 
represent a little brain in smaller t)rpe; see above, nos. 59, 
61. Thus the brains are divided into their hemispheres and 
little hemispheres. 

68. And in the single divisions poles are formed, and axes 
shadowed forth. As regards the poles: In the cerebellum near 
the vermicular processes they are delineated quite plainly by 
Eustachius and other anatomists. But in the cerebrum they 
are not seen so clearly ; yet they are found in its prow, or in 
that part which lies just under the coronal spine* and the crest 
of the ethmoid bone. In some calf brains I have observed them 
quite plainly. To these cerebral poles all the gyres and con- 
volutions of the cortical substances refer themselves, and also 
the winding paths and interposed insertions of the pia meninx. 



*The frontal crest. 
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Moreover, the larger interstices of the medullary substance 
converge towards the cribriform plate or the coronal spine 
mentioned above, from which point run the first sinus of the 
dura mater and the process of the falx. 

With regard to the axes, — I speak of the common axis of 
the whole encephalon : It is a certain perpetual duct or chan- 
nel, commencing almost from the fissure between the promi- 
nences of the cerebrum, and continued tmder the base of the 
fornix, through the third ventricle, the aqueduct of Sylvius and 
the calamus scriptorius up to the medulla of the spine, where it 
projects itself from the centre towards the surface. This chan- 
nel runs through that region of the cerebrum which is most at 
rest. The single congeries of the cortical substance in the cere- 
brum have also their axes, if not visibly represented, still 
shadowed forth when we regard the form and determination 
of their motion. For it is a constant truth that a circiungyra- 
tion, whirl, and motion, such as is that of the cerebrum, could 
never be effected without poles and axes, or without a respect 
to poles and axes ; and unless these be investigated we ask in 
vain what the cerebrum does, and what its members and parts. 
Therefore I have bent all my powers to their investigation. 

69. To which the mediate substances consftantly refer them- 
selves by spiral circumvolutions. It is a canon of geometry 
that where there are poles and axes there is also a spiral 
fluxion; and where there is a spiral fluxion there are poles, 
axes and larger and smaller circles, just as in the great sphere. 
Indeed it is evident from mere sight that the circumvolutions 
of the surface of the cerebrum wind into the curves and modes 
of a spire. But it is best to adduce the description given by 
Willis: "Within its single partitions, (he says), the whole 
structure of the cerebrum is seen to be still more divided and 
variegated. For its whole exterior surface is everywhere rend- 
ered uneven and tortuous by gyres and convolutions almost 
like those of the intestines. These gyres, proceeding by a 
sinuous winding, and, as it were, a spiral circuit, from the 
anterior part of the cerebrum to its posterior, surround both its 
hemispheres, one circumvolution succeeding another in a con- 
tinued duct ; that is, in such a way that at the bottom of any 
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given furrow a convolution rising on the right side is carried 
to the left; then, immediately following it, another convolu- 
tion is set up, emitted from the left side to the right ; and in this 
order the inequalities of the whole cerebrum are alternately 
variegated/' (De CerebrOj cap. x, sec. 3.) 

70. If the whole mass of the cerebrum, and also its single 
congeries, flow into such a form of motion, what then must 
be thought concerning its least part or the cortical spherule? 
Do you not believe that here also are represented poles, axes 
and circles? Through the middle of such spherule runs a 
channel, which, like its common axis, is continued into the 
appended fibre. See Trans. II, nos. 124, 125, 126, 127. For in 
least things nature is pure and in the greatest freedom, and 
there she reigns with the utmost perfection in all her science, 
art, right, power, law, and court of action; nor can the 
common form, or the form of the entire cerebrum, result with- 
out the harmonious conflux of forms of a more perfect nature. 
Hence now follows our next induction which is already ex- 
plained, namely, that Such an architype of the universe is 
delineated in the brain, especially in the human brain, and 
most perfectly in its several parts, 

71. And in order that the cortical spherules, which are so 
many forms of the forces of the little animal world and nature, 
may remain efficient, sufficient, and multiplied according to 
need, and that they may also be capable of expansion and com- 
pres^on both singly and conjointly, they are allotted a position 
in the spacious surface of both the brains, — a surface divided 
into tortuous windings, furrows and ridges, — just under the 
pia meninx and proximate to little arteries flowing with the 
better blood. That the cortical spherules are so many 
forms of the forces of active nature, see the whole chapter on 
the Cortex, in Transaction II, [nos. 69-207]. That they are 
immensely multiplied, see above, n. 59, and Transaction II, nos. 
140, 176-183. That they are capable of expansion both singly 
and conjointly, see Transaction II, nos. 153-159. That the 
surface is divided into tortuous windings, see above, n. 69. I 
pass by any exposition of the remaining parts of this induc- 
tion, because they are clear. 
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72. From these consideraHons it is quite apparent that in 
perfect and healthy brains and medullas all things, with their 
component parts, are so disposed and ordered that nothing more 
disposed and more ordered can be conceived of in the whole 
of nature. See Trans. I. n. 248, seq. But, O how dull of per- 
ception are they who believe there is nothing regular, ordered 
and distinct, except what is acknowledged by the judgment of 
the eye ! In the eyes of their mind is set, as it were, a cataract, 
and the points of rational light straightway turn them dizzy. 
If only they evolve visible phenomena to their causes, they will 
surely find nothing unarranged, nothing wandering in the 
chance of conflux, and without law. 

73. For each single cortical spherule is so situate, and each 
fibre so flows, that it seems to itself to be in the centre, in the 
radius, in every point of the periphery, and in a thousand points 
at the same time; and thus to be established in the very cofiatus 
of the single parts and in the motion of the whole; and hence 
in such state that, of itself and its own nature, it knows what 
the soul is intending in the beginnings, and what she is doing 
in the extremes. Similar to what we find in the parts of the 
cerebrum, we find also in the parts of the atmosphere, as is 
abundantly evident from rays in the ether, sounds in the 
air and waves in the water. (Trans. I, n. 66.) It is most im- 
portant to note that there is no least fibre or vessel which is 
not set in the very stream of the motion of the cerebrum, cere- 
bellum, medulla oblongata and medulla spinalis, yea in the 
stream of the motion of every single viscus of the body. It is 
so with the carotid arteries situate between the lobes ; with the 
branches of these arteries in the winding interstices ; with the 
twigs of the branches between the ridges and around the glomes 
of cortical substances. It is so with the greatest vessels, as the 
longitudinal sinus between the hemispheres, and with the least, 
as the fibres in both meninges and in the medulla itself. 
When, under this rule, I examined the cerebrum and cere- 
bellum with their viscera and appendices, I saw that it would 
be possible for me to trace out with some clearness the oflSces 
of them all, — a discovery which aflForded me no little light and 
gladness. 



THE MEDULLARY SUBSTANCE. 



13 



74. Hence arises the order, ratio, unantmity, harmony and 
love which perpetually reigns between the single parts and the 
larger and smaller wholes in this microcosm. That every- 
thing is first founded in a centre, and contains within itself the 
reason for all that follows, and refers itself to all that precedes 
whereon it depends and by virtue whereof it exists as it does 
and in no other way, see Transaction II, nos. 252, 260. But 
you will find these things explained in our Psychological 
Transactions.* 

II. 

THE DETERMINATION OF THE MEDULLARY SUBSTANCE IN THE 

CEREBRUM 



74a, The medullary and white substance of the cerebrum 
is seen to exist and find its origin in the confines and termini 
of its cortical substance. Hence the medulla is a congeries of 
mutually interwoven fibres and little vessels which connect 
with each other in various ways, though for the most part after 
the manner of a network, and thus at intervals; and it comes 
forth as a globe almost egg-shaped, or as a great medullary 
nucleus, called by the old anatomists the Corpus Callosum, and 
by the modem, the Centrum Ovale. This globe is not a con- 
tinuous globe, but is wonderfully cut up into members 
and cavities, such as eminences, tubercles, fomices, glands, 
ventricles, aqueducts, fissures; which, when deeply examined 
and weighed in the order in which they succeed each other and 
co-operate, indicate with some clearness that the cerebrum is a 
large gland, and a laboratory completely furnished ztnth chemi- 
cal organs, or vessels. For here we meet with pipes, bladders. 



♦In a manuscript outline of the 
"Transactions" which were to 
constitute the Economy of the 
Animal Kingdom, Swcdenborg 
gives "Introduction to Rational 
Psychology" and "Rational Psy- 
chology" as the titles of Trans- 
actions V and VI respectively. 



It is presumably to these two 
Transactions that he refers when 
he says, 'Tou will see these 
things explained in psychologi- 
cis." The two latter words have 
therefore been rendered, "In 
our Psychological Transactions." 
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encased retorts, retorts that are serpentine, cups, filters, baths, 
and even vessels for cooling. For the vital juice, or amtnal spirit, 
is conceived and brought forth in the cortical substance, which 
are so many most perfect chemical laboratories, or most simple 
of natures glands. Following the medullary threads through 
the corpus ccdlosum, and thence across the base of the fornix 
and along its pillars and roots, it is exuded into the anterior 
ventricles near the choroid plexuses; and, commingled with the 
lymph destilled in these plexuses, and by the ministration of 
glandular tubercles, it is led down through two foramina into 
the third ventricle; and so, through the infundibulum and the 
filter of its beak into the pituitary gland, and from this by the 
little sinuses and receptacles of the sella Turcica into the jugu- 
lar veins. To the end thai the blood, returning from the brain 
dry and languid, and soon to be ingenerated with new chyle, 
and to go down into the right chamber of the heart, may be 
vivified with spirit. Hence also is derived the life of the blood 
whence is the life of the whole body. This, therefore, is the 
reason why the medullary globe of the cerebrum is distributed 
into so many members; of which the use of each will clearly re- 
veal itself if we contemplate this machine as set in motion. For 
the whole mass, gaping with so many cavities and clefts, can 
readily rise up into a swelling, and alternately subside; or, it 
can be variously expanded and constricted. To this aforemen- 
tioned laboratory and its chemcal equipment, the fibre is drawn 
forth from the whole cortical circuit of the cerebrum. 

Another kind of fibre of the same cerebrum, associated liHth 
the fibres of the corpora striata and the crura of the medulla 
oblongata, is sent out to the olfactory, the optic, and the other 
sensory nerves, building up these nerves together with their 
organs. All the remaining fibre is sent down from the anterior 
part of the cerebrum to the annular protuberance, and from 
its posterior part near the fourth ventricle to the medulla ob- 
longata and beyond to the medulla spinalis; and is mingled 
with the fibres there originating, and also with fibres of the 
cerebellum, in order that it may also excite voluntary actions 
in the body. 

From these considerations it is apparent that the fibre of 
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which the medullary body of the cerebrum is fabricated is prin- 
cipally devoted to three oMces, namely, that it may conduct 
spirit and life to the blood; that it may transfer external sen- 
sations to the common sensory; and, lastly, that it may excite 
voluntary acts. But to trace out the origin whence the fibres 
of one function or the other spring, and, when this is found, 
the direction whither they tend, — this can never be detected 
without the guidance of ocular experience and of the experi- 
ence of physical phenomena, combined with the conclusions of 
a rational and truly philosophic mind; nor can it be done 
synthetically before it has been done analytically. 



76. I have here undertaken to treat of the determinations 
of the fibre in the Cerebrum, the Cerebellum and both me- 
dullas, — ^the medulla of the head and that of the spine ; that is 
to say, of the brains themselves and of their members or or- 
g^s. But I shall treat of them only in a limited way, for they 
will be explained more fully in the Transactions that are to 
follow.* For it is one thing to treat of the fibre, but another 
to treat of the determination of the fibre. The latter subject 
involves every structure and organism; indeed it involves the 
universal anatomy both of the brain and of the body. For 
there is not a thing in the anatomical system that is not fabri- 
cated of fibre, or of a stem sent out from the brains. 

78. The medullary and white substance of the cerebrum is 
seen to exist and find its origin in the confines and termini of 
its cortical substance. For there are vascular shoots or arterial 
terminations, drawn from the meningeal surface of the cere- 
brum, which insinuate themselves around and through its 
cortical substance into its medullary globe and centre. These 
shoots, because they are emulous of the genuine fibre, are said 
to exist in the confines of the cortical substance. But there are 
also genuine fibres, namely, such as arise from the spherules 



♦The Transactions referred to tions III and IV respectively. 

arc evidently the treatises on "The They were translated by Dr. R. 

Cerebrum" and "The Cerebellum," L. Tafel, and published as "The 

which were to have been Transac- Brain" (two vols.). 
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of the cortical substance, as from so many little brains and 
hearts and as from their own proper matrices. These, there- 
fore, are said to find their origin in the termini of the cortical 
substance. 

77. Hence the medulla is a congeries of mutually inter- 
woven fibres, and little vessels which connect with each other in 
various ways, though for the most part after the manner of a 
network, and thus at intervals. Nor must we omit to mention 
that genuine fibres, rising from their parent cortex, often retain 
among themselves a division not unlike that which obtains 
in the cortical conglomerations themselves; namely, that in 
one place they run out in bundles, in another in layers, and in 
still another like foliage, as is especially apparent in dropsical 
and hydrocephalic brains, where, by reason of the interjected 
lymph, the single divisions and connections come into view. 

78. And it comes forth as a globe almost egg-shaped, or as 
a great medullary nucleus, called by the old anatomists the 
Corpus Callosum, and by the modem the Centrum Ovale, For 
with the removal of the cineritious crust which girds its 
trunk or nucleus like a rind, bark or shell, a purely medullary 
mass comes into view, similar in figure to the whole cerebrum. 
That this figure represents a great egg can be seen with the 
naked eye. But it is an egg almost cut into a half; for 
the superior part, which is also called the posterior, is quite 
convex, while the inferior or anterior part is somewhat plane. 
Moreover, by the insinuation of the process of the falx, this 
medullary nucleus is cut into above, and is thus divided into 
two hemispheres. 

79. This globe is not a continuous globe, but is wonderfully 
cut up into members and cavities, such as eminences, 
tubercles, fornices, glands, ventricles^ aqueducts, fissures. 
Each of these has its own distinctive name ; for they are call- 
ed: the corpus callosum; the fornix with Its base, pillars, 
fimbriae and roots ; the septum lucidum ; the anterior, lateral or 
large ventricles: the third or middle ventricle; the foramina 
vulva and anus ;* the tubercles which guard the entrance, such 



♦Sec note to n. 83. 
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as the pineal gland, the testes and the nates ; the isthmus, which 
is the plane in which these tubercles are set. In the large ven- 
tricles are the corpora striata, and the crura of the medulla ob- 
longata, or thalami of the optic nerves ; through these ventricles 
runs the choroid plexus. From the third or middle ventricle is 
extended the beaked inftmdibulum, which is terminated in the 
pituitary gland. Not to mention the receptacula cavernosa,* the 
sinus of the sella Turcicat and of the base [of the brain], t the 
rete mirabile** and other parts, all of which will be treated of 
individually. 

80. Which, when deeply examined and weighed in the 
order in which they succeed each other and co-operate, indicate 
with some clearness that the cerebrum is a large gland, and a 
laboratory completely furnished with chemical organs or ves- 
sels. This is according to the opinion of Hippocrates and the 
ancients, and also of Malpighi and many other more recent 
authors, all of whom assert that the cerebrum is a gland, and 
this not only in particular, but also as a whole. That it is in- 
deed a gland will be seen in the Transactions on the cerebrum. 
In the meantime,^hen it is called a gland, a natural chemical 
laboratory is meant ; for in the glands, animal nature, by secre- 
tion, excretion, commixture and cohobation, prepares her men- 
strua and juices, — as saliva, chyle, milk, bile, the genital fluid — 
with such science and so wondrously that art may regard its na- 
ture as everything, and itself as relatively nothing. The cere- 
brum is the very exemplar of all the glands of the body, than to 
search into which, nothing more delightful is offered. For 
here we meet with pipes, bladders, encased reports, retorts that 
are serpentine, cups, alters^ baths, and even vessels for cooling. 

81. For the vital juice or animal spirit is conceived and 



♦The cavernous sinuses. mater at the sides of the sella 

tThc circular sinus. near the circular sinus, threads 

JThc transverse sinus. of which are despatched into the 

**Swcdcnborg defines the rete pituitary gland" (The Brain, 11, 

mirabile as the "reticular plexus p. 201). 

in the duplicature of the dura 
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brought forth in the cortical substances, which are so many 
most perfect chemical laboratories, or most simple of nature's 
glands. That such is the nature of this substance, is, I think, 
shown in Transaction II, in the chapter On the Cortical Sub- 
stance of the Brain; cf. nos. 1 10-132 and 165-176. That the 
animal spirit is the vital juice itself, see in a Transaction deal- 
ing with this spirit* 

82. Following the medullary threads through the corpus 
callosum. Immediately subjacent to the falx is a certain 
serpentine span, and, as it were, extended dorsum, purely 
medullary in composition, into which fibres are drawn, inflow 
and run together from the whole cortical periphery. This 
span or dorsum is called by Willis and other anatomists the 
Corpus Callosum, but by Vieussens the true Fornix. By 
means of it as by a bridge thrown between the two hemi- 
spheres, the medulla of one hemisphere communicates with 
that of the other; or, it is the combined containant of the 
medullary soil of both hemispheres. Moreover it is the thresh- 
old leading to the penetralia of the cerebrum itself. The fibre, 
led hither from every point of the cerebrum, is again gathered 
into a certain peduncle called the base of the fornix ; but the 
fibres compacted into this base or trunk are soon separated and 
unfolded over the thalami of the optic nerves in the lateral ven- 
tricles, like the roots or branches of a leafy tree, and are im- 
planted in the thalami themselves near the choroid plexuses. 
Such is the passage of the fibres from the cortical circuit of 
the cerebrum, and such their unfolding ; thus according to our 



♦Many of the subjects which 
were to have been included in 
the Transactions of the Economy 
of the Animal Kingdom, were 
dealt with by Swedenborg at 
various periods, with greater or 
less completeness, and with the 
intention of subsequently incor- 
porating them among the Trans- 
actions. These works have been 
preserved in MSS., and most, if 
not all of them, have been pub- 



lished in the original Latin. 
Among them are the Rational 
Psychology, Ontology, Genera- 
tion, etc., besides a number of 
smaller works, including one on 
the Animal Spirit This latter 
seems to be a sketch of the 
Transaction referred to in the 
text It may be found in English 
translation in the Posthumous 
Tracts. 
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description: and thence across the base of the fornix and 
along its fnllars and roots, it is exuded into the anterior ven- 
tricles near the choroid plexuses. 

83. And, commingled unth the lymph destilled in these 
plexuses, and by the ministration of glandular tubercles, it is> 
led down through tivo foramina into the third ventricle. Be- 
tw'een the large cavities of the cerebrum, called the lateral ven- 
tncles, is a long but expansile cleft, or third ventricle, below 
which the lymph channel is continued to the great valve,*" 
which is followed by the fourth ventricle and the calamus 
scriptorius carved in the stem of the medulla oblongata. This 
cleft or third ventricle, rising not far from the fissure between 
the bosses of the cerebrum, is continued as a hollow axis run- 
ning through the middle of the septum lucidum, under the 
forked base of the fornix, and the corpus callosum, and be- 
tween the crura in the medulla oblongata, to the beginning of 
the medulla spinalis, though it is intercepted by barriers. The 
foramina which lead into it from the lateral ventricles ar-c 
called by the old anatomists the vulva and anus.t The gland- 



*The valve of Vieussens. 

fThe vulva and anus, called by 
Winslow the common anterior 
and posterior foramina, are two 
openings between the lateral and 
third ventricles. Both were well 
known to Swedenborg^s contem- 
poraries, and even to the ancients, 
but soon after Swedenborg's time 
the knowledge seems to have been 
generally lost. Haller, in 1762, 
denied that there was any com- 
munication between these ven- 
tricles; but in 1783 Monro con- 
clusively demonstrated the exist- 
ence of the anterior foramen or 
vulva, which has ?ince been 
known as the foramen of Monro. 
This anatomist, however, denied 
the existence of any posterior 
communication between the lateral 
and third ventricles. But in 1872 



the existence of this also was 
clearly demonstrated by the re- 
searches of Mierzejewsky, whose 
discovery, however, seems to be 
unknown, or at any rate un- 
noticed, by modem anatomists. 
Mierzejewsky's injections showed 
that there was a posterior foramen 
in the lateral ventricle in the neigh- 
borhood of the pineal gland. That 
this foramen is identical with the 
anus of the ancients is evident from 
the descriptions. Vieussens de- 
scribes the anus as being under the 
base of the fornix near the anterior 
tubercle of the corpora quadri- 
gemina. Ridley gives a similar 
description, placing the foramen 
under the pineal gland ; and Win- 
slow describes it as the interstice 
where the two anterior corpora 
quadrigemina join the convexity 
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ular tubercles which minister, and guard, close, and open the 
way, are the pineal gland, the nates and the testes.* 

84. And so, through the infundibulum, and the Alter of its 
beak into the pituitary gland, and from this by the little sinuses 
and receptacles of the sella Turcica into the jugular veins. In 
the middle of the floor of the third ventricle is extended a coni- 
form cavity, called the infundibulum, whose beak or apex is 
inserted into the pituitary gland. In the human brain this 
beaked extremity of the infundibulum appears to be impervious 
both to injections and to the lymphs; hence the opinion has 
arisen that the animal or most purely vital juice cannot pass 
through it. The pituitary gland is set in a little hollow in the 
centre of the sphenoid bone, and this in such a way that it can 
be freely expanded in its saddle in every direction. Into the 
middle of this gland girt with its bony wall, and around it, 
open the most subtle passages running from the infundibulum 
through its beak. And, again, there are apertures leading 
from the middle of the gland and from the space around it, into 
little sinuses, the receptacula cavernosa and the bones of the 
cranium, and, from these, into the lateral sinuses and the jugu- 
lar veins which take up all the blood of both cerebra and carry 
it back to the heart. Such is the continuous connection of the 
members and cavities of the cerebrum ; and that such also is the 
flow of the spirits cannot be doubted. In the Transactions 
on the Brain it will be shown that the spirit, which is most 
volatile, when it leaves its fibres, must be taken up, and, as it 
were, fixed in the ventricles by a lymph secreted from the 
choroid plexuses, lest it be evaporated. And then it must be 
filtered and purged by passage through the beak of the in- 
fundibulum, in order that the better essence may penetrate the 
pituitary gland, and the rest, flowing into the space by which 
that gland is circumscribed, may be derived by divers paths 



jf the optic thalamus. Sec an in- *Callcd also the quadrigeminal 
tcresting discussion of this whole bodies, the nates being the su- 
question by Dr. R. L. Tafel in his perior and the testes the inferior, 
translation of The Brain, Vol. I., 
PP-, 751, seq. 
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into the venous blood. "Does it then seem strange to you 
(says Boerhaave) that the eye does not take in the presence 
[and motion] of this humor? that ligatures, wounds, punct- 
ures, suctions, air-pumps, and injections are of no avail to 
exhibit it to the eye? that by no art can the cavities [of the 
nerves] be set before the keenness of its vision? He who at- 
tempts these things with this intention, truly knows nothing of 
the nature of these vessels and of the liquor itself. But he 
who, because they flee the sight and elude all skill, therefore 
denies the existence of cavities in these little vessels, is wholly 
ignorant of the rationale of our body in its origin, its progress, 
its operations, and its excretions; neither does he know the 
structure of insects, nor attend to all that so manifestly takes 
place in plants. This humor, by reason of its perfect sim- 
plicity, mobility [and volatility], we call the Spirit of the 
nerves, — a spirit which is natural, vital and animal." {sup. 
n. 51.) 

86. For the end that the blood, returning from the brain 
dry and languid. It is known that the better blood is with- 
drawn towards the brains, or to the supreme court of the body 
and the presence-chamber of the soul, and is there devoted to its 
rational functions; yea that the spirit of the dissolved blood 
is again poured into the fibres; cf. Trans. II, nos. 1 17-132. 
That this spirit is the principal substance entering into the 
composition of the blood, see Trans. I, n. 37, 38, 40, 41, 91, 97, 
100, 190, 271, 503, 556, 634. Hence it follows that in the brains 
the blood is despoiled of its spirituous nature and essence ; and, 
therefore, its residual part comes forth comparatively dry and 
languid. That the fluidity of the blood results from its spirit, 
see Trans. I, n. 102, 556. Thus, unless it be refreshed with 
a supply of new spirit, it would become wholly torpid 
and unable to descend through the jugular veins. Hence 
would arise obstruction, the loss of sensations, of memory, and 
of voluntary and natural actions, the cessation of respiration 
and pulsation, in a word, inevitable death. 

88. And soon to be ingenerated with new chyle, and to go 
down into the right chamber of the heart, may be vivified 
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tvith spirit. As soon as the jugular vein containing the blood 
of the cerebrum is implanted in the subclavian, new chyle 
runs to meet it through the thoracic duct, and unless a better 
blood, or one impregnated with spirit, were at once poured in, 
the fluid would become sluggish, and, with elements crude and 
not of themselves fluent, would stq> up, not only its own veins, 
but also the right auricle and ventricle of the heart. This danger, 
therefore, is avoided by the pouring in of spirituous blcKxL 
Hence also is derived the life of the blood, whence is the life 
of the whole body. This, therefore, is the reason why the 
medullary globe of the cerebrum is distributed into so many 
members. 

87. Of which the use of each will clearly reveal itself if 
we contemplate this machine as set in motion. On the systole 
and diastole, or the animation, of the cerebrum, see Transaction 
II, chapters I and II, and especially n. 132-147; see also above, 
n. 68-74. It is almost the same as with the rationale of the 
pneumatic machine ; unless you have seen this machine set in 
motion you will hesitate for a long time as to the use of the 
shafts, and screws, and their attached levers and ropes. So 
also is it with the brains. 

88. For the whole mass, gaping with so many cavities and 
clefts, can readily rise up into a swelling, and alternately sub- 
side; or, it can be variously expanded and constricted. The 
cerebrum is a machine in motion and conformed and wholly 
adapted to motion, or to the faculty of expansion, both in gen- 
eral and in every particular. In general; for there is a space 
between the two meninges, the thick and the thin; there is a 
space between the convolutions called anfractuosities ; there 
are little fossae and furrows about every congeries of the cor- 
tical substances in particular ; there are cavities deeply set in the 
medulla itself, namely, the three ventricles with the other con- 
tinuous passages. Thus the cerebrum is given the faculty and 
the opportunity of swelling and unswelling both towards its ex- 
teriors and towards its interiors. In every particular: There 
are little spaces and clefts about every cortical spherule; the 
same are found between every least and compound fibre, for 
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they are connected together after the manner of a network. 
This is the reason why each single part of the cerebrum is seen 
to be evidently set in the stream of the motion of all the parts ; 
see above, n. 68 to 74. It is moreover necessary that the cere- 
brum be formed to this expansibility, for without actual motion 
or an active force in causes, nothing of the blood would ever be 
withdrawn from the kingdom of the heart, 1. e., from the body ; 
nor would the spirits be poured through the fibres into the 
lower provinces ; thus neither would the lungs breathe, nor the 
arteries and heart pulsate. If the fountain be still how much 
more the streams and brooks? If causes cease whence shall 
come effects? 

89. To this aforementioned laboratory and its chemical 
equipment the fibre is drawn forth from the whole cortical cir- 
cuit of the cerebrum. We have now treated of the determina- 
tion of those fibres which are expended on the chemical mem- 
bers and operations of the cerebrum. The remaining fibres of 
which we now treat are not derived to the corpus callosum, and 
through the base of the fornix to the ventricles, but, at once 
associated with the fibres of the head of the medulla oblongata, 
they gird themselves for the performance of other uses. 

90. Another kind of -fibre of the same cerebrum, associated 
with the fibres of the corpora striata and the crura of the 
medulla oblongata, is sent out to the olfactory, the optic and 
the other sensory nerves, building up these nerves together 
with their organs. The olfactory nerves, or mamillary pro- 
cesses,* which are affixed to the anterior face of the cerebrum 
like two bottles, take their widely scattered roots from the 
region of the corpora striata. The optic nerves take their 
roots from the crura of the medulla oblongata, also called the 
thalami of the optic nerves ; the auditory or seventh pairt from 
the annular protuberance, which is also the origin of the 
gustatory or fifth pair ; the nerves of touch from all the nerves 
of the medulla spinalis. All these nerves raise up, in their 
extremities, organic forms corresponding to the degrees, meas- 



*The olfactory bulbs. tNow called the eighth pair. 
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ures and laws of the modes and forces flowing into them, or of 
contact [with these forces]. 

91. All the remaining fibre is sent down from the anterior 
part of the cerebrum to the annular protuberance, and from 
its posterior part near the fourth ventricle, to the medulla 
oblongata and beyond to the medulla spinalis; and is mingled 
with the fibres there originating, and also with fibres of the 
cerebellum, in order that it may also excite voluntary actions 
in the body. The ocular experience of Vieussens, Willis and 
other anatomists tells us of the emigration of fibres from the 
cerebrum to the medulla oblongata and medulla spinalis and of 
their consociation with fibres of the cerebellimi ; and the physi- 
cal and theoretical experience of phenomena confirms them. 
For voluntary acts wheresoever they are excited do not exist 
except with deliberation, and the assent and imprint of the 
cerebrum. For endeavors to action, or active forces, before 
they break out into ultimate act must descend from the peri- 
pheries like heavy bodies, according to the theory set forth 
above, n. 65. Therefore, the fibre of the cerebrum is never 
sent away singly except to its first functions or chemical opera- 
tions, of which we have already treated ; consult the words of 
Boerhaave quoted above, n. 46, 47. From these considerations 
it is apparent that the fibre of which the medullary body of the 
cerebrum is fabricated, is principally devoted to three offices, 
namely, that it may conduct spirit and life to the blood; tfuit it 
may transfer external sensations to the common sensory; and, 
lastly, that it may excite voluntary acts, 

92. But to trace out the origin whence the fibres of one 
function or the other spring, and, when this is found, the 
direction whither they tend, — this can never be detected with- 
out the guidance of ocular experience and of the experience 
of physical phenomena, combined with *he conclusions of a 
rational and truly philosophic mind. For in the cerebrum all 
things appear soft like paste, coherent like a knotted mass in- 
extricable alike to the stylus, the scalpel, and the eye, even 
when this is armed with the microscope. Moreover the fibrous 
structure, collected into intricate molecules and globules, and 
partly also into fascicles, runs together under the finger at the 
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slightest touch, and therefore we must betake ourselves to ex- 
perimental phenomena. For, to men of a penetrating genius, 
effects springing from the modifications of fibres or of 
organic forms in the extremes, and corresponding to the 
primes in their natal soil, indicate with some clearness the 
action and passion of the mediate fibres, and whence these 
fibres come and whither they go. But there is need of much 
investigation and rational intuition. 

93. Nor can it be done synthetically before it has been done 
analytically. There are two ways and methods of opening and 
exploring nature, — the analytic, which consists in judging and 
concluding origins, causes, and principles from phenomena, 
cflFects and experience, that is, ex posteriori; and the synthetic, 
which consists in judging effects and phenomena from causes 
and principles, that is, ex priori. The former method is 
familiar to human minds because it is the natural method ; for, 
as we grow up, we ascend to the sciences, and to our reasonings 
and judgments by the path of the senses whereby phenomena 
are received. But the latter method is proper only to pure souls 
and to spirits separated from the body, — ^a method to which we 
approach with maturing years so far as we recede from the 
body. Therefore he who, as though he were divinely inspired, 
starts immaturely and precociously to at once reason concern- 
ing the unseen things of nature from principles not explored 
by the analjrtic way or by experience, readily seizes upon 
empty shades, and fashions out spectres of whom nothing but 
the like is begotten. So long as we live in this lowly nature 
we must first ascend before we can descend ; for as we were 
cast down from heaven where are the principles of things to the 
earth, so must we strive thither before we speak from prin- 
ciples. This, then, is the reason why, in our Transactions, I 
have labored to direct myself analytically from premised ex- 
perimental proofs, or ex posteriori, to causes and principles, be- 
fore I dared to descend synthetically, from principles, or ex 
priori, to effects. This is the true art and method of dialectics, 
or of drawing conclusions, for "He is a dialectician who looks 
into matters accurately and has penetration into the nature of 
the things concerning which judgment is to be made." (Plato, 
De Repub: lib. viii, [?vii].) 
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III. 

THE DETERMINATION OF THE MEDULLARY 
SUBSTANCE IN THE CEREBELLUM. 

93a. The medullary or white substance in the cerebellum 
is not conglomerated into an ovi-form nucleus, like that of the 
cerebrum, cut up into distinct members and cavities; but, from 
a somewhcU ample space, it finally coalesces into a trunk, called 
a peduncle, made up mainly of three, as it were, arboreal stems 
or lesser trunks, . This peduncle into which all the fibres of the 
cerebellum are gathered together froffi the peripheries here 
and there, is planted on both sides of a cleft called the fourth 
ventricle and calamus scriptorius. From this ground it un- 
folds its fibres like roots, and sets them free in every direction, 
by three bundles, called processes. The first process goes to 
the oppo^te region, that is, to the annular protuberance; the 
second to the superior region where are the testes; and the 
third, called the restiform body, to the inferior region towards 
the medulla spinalis. All these fibres of the cerebellum, thus 
spread apart, meet and entwine themselves in the fibres of the 
cerebrum and in the fibres proper to the two medullas; and 
thus they gird themselves for performing their offices in the 
head and body, both distinctly and conjointly. This globe, al- 
though a continuous structure, is still given the unimpeded 
faculty of expafision both lengthwise and breadthwise, and 
also in general and in particular. For, besides the space between 
the meninges, its surface is also divided inio deeply fur- 
rowed layers, or into little rings. Of these, the upper, stretched 
breadthwise, refer themselves to a certain corrugated a.ris, 
called the vermicular process, and from this to their poles; 
while the lower, drawn obliquely and lengthwise, refer them- 
selves to a similar corrugated process in the inferior part of 
the cerebellum, situate transversely to the former. 

Meanwhile, the position and foldings of the vermicular pro- 
cesses, the insinuation ctitd direction of the furrows, and, more-^ 
over, the actual existence of poles in the surface, all lead to 
an indubitable conclusion as to the nature of the mode of the 
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expansion and of the form of the motion; namely, that it twists 
itself after the manner of a perpetual circle, that is to say, 
spirally. On this account there are pivots, axes and poles, all 
of which necessarily suppose and thus indicate the existence of 
a spiral flux. Moreover, tlte peduncle tozvards which the 
forces of the whole mass are inwardly directed, is attached to 
an expafisile cavity, carved in the stem of the medulla oh- 
longatc^ 

From these considerations it can be seen that the cerebellum 
is one grand bed of cineritious and medullary substance, which 
by the forces of its animation pours a copious and continuous 
stream of spirits into all its nerves, and through tJiese into the 
organs, glands and muscles, — and this constantly and in a 
single manner. Hence come forth natural actions and the 
stupendous operations of animal nature; for every single bud 
of this tree looks to its tzvig, the tzvig to its branch, and the 
branch to its trunk; so every particle of the cineritious sub- 
stance looks to its fibre, and all together to the stem, made up 
of fibres, which the cerebellum, at every alternation of its ex- 
pansion and constriction, leads to and fro in the yielding ven- 
tricle below. 



94. The medullary or white substance in the cerebellum is 
not conglomerated into an ovi-form nucleus, like that of the 
cerebrum, cut up into distinct members and cavities; but, from 
a somewhat ample space, it finally coalesces into a trunk, called 
a peduncle, made up fnainly of three, as it were, arboreal stems 
or lesser trunks. There is indeed a medullary space in the 
cerebellum, which, when cut across, presents a somewhat 
broad area, called by Vieussens the semicircular centre of the 
cerebellum; for here, as in other places, the newborn medul- 
lary substance first expands, and, as it were, relaxes before 
it comes together and is constricted. What should be noted is 
that there are three little trees which coalesce and unite to- 
gether into one stem or peduncle, as is clearly seen from the 
figures of Heister* and other anatomists ; there are also three 



♦Heister delineates a human two halves by vertical section, 
cerebelltini, and also the cere- In the calf, the medullary niicleus 
belium of a calf, both cut into is clearly depicted as formed from 
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processes, (spoken of below), which go out from the united 
stem and proceed to their ordained provinces. There is 
ground, therefore, for supposing that each process springs 
from its own particular tree. 

85. This peduncle into which all the fibres of the cerebellum 
are gathered together from the peripheries, here and there, is 
planted on both sides of a cleft, called the fourth ventricle and 
calamus scriptorius. It is fixed in the borders of this cavity, 
and this for a reason of which we shall speak below. In 
defunct and collapsed brains this cavity appears like a cleft, 
but in living and animate brains, when they are in the vigor of 
perpetual and alternate motions, it is seen to be both able and 
accustomed to expand into an oval gap and cavity. Its su- 
perior part, which lies next to the great valve of the cere- 
brum and closely subjacent to the vermicular process, is called 
the fourth ventricle, while the inferior part, verging towards 
the g^eat foramen of the occiput, by reason of its figure, is 
called the calamus scriptorius. 

96. From this ground it unfolds its fibres like roots, and 
sets them free in every direction, by three bundles, called pro- 
cesses. In the animal kingdom and also in the vegetable, yea, 
in universal created nature, it is nature's constant rule that 
singulars and particulars are reduced to some universal and 
common unit before they go off to their parts, t. e., before they 
diffuse themselves; and this for the end that the scattered 
parts, each of which carries its own nature and its own bent, 
may perpetually refer themselves to the commonwealth, or the 
single members to the united city ; thus, and in no other way, 
do the parts breathe in common, and unanimously look to one 
end. So also is it in the cerebrum, where the scattered fibres 
of the peripheries are gathered together, first, into the corpus 
callosum, and from this into the base of the fornix, that is, into 
a similar peduncle, before they are dismissed to their own 
colonies. The like also obtains in the nerves. For the present. 



the junction of three main stems. close proximity to the medullary 

The same is true of the human nucleus. See Heister, Comp: 

cerebellum but here each of the Anat: tab. iv, fig. i^i, 17. 
three stems becomes divided in 
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the loose and scattered character of the medullary structure, 
in both the cerebrum and the cerebellum, may be sufficiently 
inferred from the fact that the entire globular mass, expanded 
into so great a space, suflfers itself to be contracted into a 
narrow stem. 

97. The first process goes to the opposite region, that is, to 
the annular protuberance; the second to the superior region, 
where are the testes; and the third, called the restiform body, 
to the inferior region towards the medulla spinalis. But the 
manner in which these radical fibres branch out cannot well be 
seen without some representation of them in plates or an in- 
spection of the living brain. The reader, therefore, should 
constdt [anatomical] treatises. 

98. All these fibres of the cerebellum, thus spread apart, 
meet and entwine themselves in the fibres of the cerebrum and 
in the fibres proper to the two medullas, and thus they gird 
themselves for performing their offices in the head and body 
both distinctly and conjointly. It was pointed out above [n. 
90, 91] that the fibres of the cerebrum associated with the 
fibres of the superior beginnings of the medulla oblongata pass 
out from the cerebrum anteriorly toward the annular protuber- 
ance, and superiorly to the neighborhood of the testes. Hither, 
also, come the fibres of the cerebellum, so that they seem pre- 
destined to be carried into the embrace of the approaching 
fibres of the cerebrum. In the annular protuberance, the fibres 
curve themselves into continual semicircles; but under the 
testes they form a girdle, whereby they constrict, as it were 
with a bond, that medullary tract which is the central por- 
tion of the whole encephalon. But whither they betake 
themselves after this, escapes even the keenest sight; we 
must suppose, however, that they go partly into the sen- 
sory and motor nerves of the head, and partly to like nerves 
in the medulla spinalis, — ^a supposition which is confirmed 
by experience. The same opinion is also entertained by 
Boerhaave, who says : "We may well believe that the medul- 
lary fibrils of the cerebellum — a body whose medulla gives 
forth no nerve — ^ascend upwards from a situation beneath the 
commissure toward the anterior parts of the medulla ob- 
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longata and there give to the nerves rising from the cerebral 
medulla, certain fibrils of the cerebellum, the distinction in 
origin, progress, and office being always accurately preserved. 
. . . The other fibres of the cerebellum are so mingled with 
the fibres of the cerebrum that there is perhaps hardly a part of 
the whole medulla oblongata and medulla spinalis, where fibres 
of the cerebrum are not found commingled with those of the 
cerebellum; so that, in the composition of the body of the 
nerve, they are certainly everywhere concurrent for the pro- 
duction of wholly diverse and distinct effects" (sup, n. 48). 
99. This globe, although a continuous structure, is still 
"^ given the unimpeded faculty of expansion, both lengthwise and 
^ breadthunse, and also in general and in particular. But by 
what wonderful nature and art, will be seen in what follows. 
For, besides the space between the meninges, its surface is also 
divided into deeply furrowed layers, or into little rings. Of 
these the upper, stretched breadthwise, refer themselves to a 
certain corrugated axis, called the vermicular process, and 
from this to their poles; while the lower, drawn obliquely and 
lengthwise, refer themselves to a similar corrugated process in 
the inferior part of the cerebellum situaie transversely to the 
fonner. The superior part of the cerebellum, underlying the 
postreme lobes of the cerebrum, is comparatively depressed 
and fiat, but when we come to the inferior and anterior 
part, it becomes more sharply rounded and the cerebellimi 
there assumes almost the shape of a globe. When the surface 
of this portion of the cerebellum is exposed up to the first 
meninges, there comes to view an appearance and arrange- 
ment of little rings into which the surface is plowed. In the 
superior surface these separate ridges or furrows are somewhat 
removed from mutual contact, but in their progress forward 
to the sides and towards the base of the brain, they 
closely approach each other and there insert themselves in 
other fissures, which, after making some wonderful curves and 
contortions, terminate around certain slightly elevated protuber- 
ances, which induce on the furrowed surface, an appearance as 
of lobes. In these lobes, protuberances, or sub-divisions, there 
is a change in the direction and order of the ridges; indeed, 
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this direction is frequently opposite to that which, in general, 
progress from the superior circuit of the organ to its margins. 
There are many subdivided surfaces of this kind on both sides 
around the medulla oblongata, whose margins they press. The 
superior rings are drawn towards a certain axis, twisted like a 
worm, which is called the vermicular appendix, and in which 
they all, as it were, knot themselves. So also on the other side 
where we see a similar appendix, but situate transversely to the 
former. There are also poles not far from the superior vermi- 
cular process. This process is noted and delineated by Eus- 
tachius [Table XVII], fig. vii.* Meanwhile, we note that 
the cerebellum is a globe so knotted and a structure so intri- 
cate, that it escapes the industry of the most skillful investi- 
gator. In one place the insinuated folds and duplicatures of 
the pia meninx are set free and spread out ; in another they so 
infold themselves that the joinings disappear. The insinua- 
tion, ramification, attenuation and expansion of the meninx 
and blood vessels, as they betake themselves into the most 
secret recesses, is so ineffable that the whole organ, from its 
surface to its inmost parts, must be esteemed as a connected 
and continuous structure, and one so woven, as it were, of 
intricate threads, that it would be an inextricable knot, unless 
nature, while living therein, extricated herself, as she has in- 
folded herself, according to the connections herself has formed. 
IW,^ Meanwhile, the position and foldings of the ver- 
micular processes, the insimiation and direction of the furrows 
and, moreover, the actual existence of poles in the surface, all 
lead to an indubitable conclusion as to the nature of the mode 
of the expansion and of the form of the motion; namely, that 
it twists itself after the manner of a perpetual circle, that is to 
say, spirally. On this account there are pivots, axes and poles, 
all of which necessarily suppose and thus indicate the existence 
of a spiral Hux,^' Such a spiral flux and torsion around a pole 
is shown in Eustachius's Table, referred to above. For the 
other points of this Induction, see the Transaction on the 
Cerebellum. 



♦This is a delineation of the in- after the removal of the Pons and 
fcrior surface of the cerebellum, Medulla. 
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101. Moreover, the p^uncle towards which the forces of 
the whole mass are inuvrdly directed, is attached to an ex- 
pansile cavity, carved in the stem of the medulla oblongata. 
For it is so implanted in both borders of this cavity that he who 
searches into the single particulars, and reflects upon them, can- 
not but see and acknowledge, unless he be mentally blind, that 
at every alternation in the animation of the cerebellum, this 
subjacent cleft opens and its lips are drawn apart, or, that it 
changes from a cleft to a ventricle or from a line to a figure. 
The peduncle of the cerebrum, or the base of the fornix, (of 
which above), is likewise girt about on every side by fissures 
and ventricles, whereby it receives a similar faculty for ex- 
pansion and contraction. 

102. From these considerations it can be seen tltat the cere- 
bellum is one grand bed of cineritious a^nd medullary substance, 

/ which by the forces of its animation pours a copious and ever 
fresh stream of spirits into all its nerves and through these 

\ into the organs, glands and muscles, — and this constantly and 
in a single manner. In this respect the cerebellum differs from 
the cerebrum, which latter consists of many conglomerated 
beds of this kind, that is to say, of many little cerebra. Where- 
ever there is a fibre and an origin thereof, or a cortical sub- 
stance, there streams the , anim al juice. For the fibres are so 
many little canals and the cortical substances so many labora- 
tories and supereminent glandules which give birth to new 
spirit and transmit the old spirit, or that which returns from 
the arteries ; see Transaction II, No. 165. 

103. Whence come forth natural actions and the stupend- 
ous operations of animal nature. The common opinion still 
holds good, namely, that the cerebellum presides over natural, 
called also involuntary and spontaneous actions, and the cere- 
brum over voluntary, (Transaction II, n. 162). The reason 
of this is a consequence of the very disposition of the cortical 
substances, or active forces, that is, of the form which makes 
things to be such as we find them. (Transaction II, n. 244.) I 
think, therefore, that I have sufficiently set forth the nature of 
the ordering of the parts in the cerebrum and cerebellum, and 
of the form of the motion; and from this, the clear sighted 
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philosopher can be in no obscurity as to the nature of the eflfect 
which will come forth. I desire now to state this form more 
distinctly, in the following words: For every single bud of 
this tree looks to its twig, the twig to its branch, and the 
branch to its trunk; so every particle of the cineritious sub- 
stance looks to its fibre, and all together to the stem, made up 
of -fibres, which the cerebellum, at every alternation of its ex- 
pansion and constriction, leads to and fro in the yielding ven- 
tricle below. 

IV. 

ON THE DETERMINATION OF THE MEDULLARY 
SUBSTANCE IN THE MEDULLA OBLONGATA. 

103a. In the Medulla Oblongata, the medullary substancp, 
made up of little arterial branches, of fibres from its own cin- 
eritious substance, and especially of fibres brought from the 
cerebrum and cerebellum, takes its origin in the corpora striata 
and the thalanti of the optic nerves which are called the su- 
perior beginnings of the medulla oblongata. But it is soon 
dilated into a kind of ring-shaped protuberance and also into 
two other protuberances, called the pyramidal and olivary, 
situate below; from this point it is then contracted into a some- 
what narrow stem at the great foramen of the occiput. On the 
posterior side, it is split into a long cleft, which constitutes the 
fourth ventricle. From this common appendix of both brains, 
the associated fibres, joined together into beginnings, into ten^ 
der little fascicles, and finally into sensory and motor nerves, 
hasten forth through the foramina carved in the cranium, to 
the work of constructing the organic machine of fhe body. 
The protuberant bodies of this medulla expand and contract 
according to the direction of the fluent fibres, or according to 
their acquired form; and they do this both breadthwise and 
lengthwise, and also in unity with the brains, both in general 
and in particular. 

The spaces betiveen the meninges, the lateral ventricles and 
also the fourth ventricle, the interior sanguineous receptacles, 

3 
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the intercalated clefts and retiform plexuses, all give abundant 
opportunity for this expansion. But the specific directions are 
as many as are the beginnings of the nerves that issue forth, and 
to which as to peduncles the expansory motion is determined. 
But in general they tend towards the medulla spinalis; in order, 
however, that they may suitably refer themselves to this point, 
they finally curve around from the anterior portion of the 
medulla oblongata to its posterior, towards the fourth ventri- 
cle, and thus to the posterior portion of the medulla spinalis. 



104. In the medulla oblongata, the medullary substance, 
made up of little arterial branches, of fibres from its own cin- 
eritious substance, and especially of fibres brought from the 
cerebrum and cerebellum, takes its origin in the corpora striata 
and the thalami of the optic nerves which are called the su- 
perior beginnings of the medulla oblongata. There are some 
who suppose that these superior striate bodies* are to be reck- 
oned among the members of the cerebrum because they con- 
stitute the floor of the lateral ventricles, and because the middle 
fissure or third ventricle, together with the infundibulum, is ex- 
tended entirely between the crura or thalami,t that is to say, 
where their heads come together. But since it is not a matter 
of much importance to determine what parts are to be assigned 
to the cerebrum and what to the medulla oblongata, I merely 
mention the matter and leave it to the decision of the reader. 
For the medulla oblongata itself is, for the most part, a 
coag^entation of concurrent and coalescing fibres from the 
cerebrum and cerebellum, and in this respect it might well be 
called the appendix of both brains. But the striate bodies 
above, rise from their own origins or cortical substances, and 
in these are mingled fibres of the cerebrum only, but not of the 



^Corpora striata. The term pora striata proper, they are 

here includes both the corpora streaked with white and gray 

striata proper and the optic matter. 

thalami. The latter were some- fThe optic thalami were some- 
times called the superior posterior times called the crura of the me- 
corpora striata, for, like the cor- dulla oblongata. 
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cerebellum ; hence the part constituted by these bodies should 
properly be designated as the medulla oblongata of the cere- 
brum. For the fibres of the cerebellum do not meet the fibres 
of the cerebrum, except in the annular protuberance and just 
above the fourth ventricle, where this medulla begins to be the 
appendix of both organs. 

106. But it is soon dilated into a kind of ring-shaped pro- 
tuberance* and also into two other protuberances, called the 
Pyramidal and olivary, situate below; from this point it is then 
contracted into a somewhat narrow stem at the great foramen 
of the occiput. On the posterior side, it is split into a long cleft, 
which constitutes the fourth ventricle. From this common ap- 
pendix of both brains, the associated fibres, joined together into 
beginnings, into tender little bundles, and -finaUy into sen- 
sory and motor nerves, hasten forth, through the foramina 
carved in the cranium, to the work of constructing the organic 
machine of the body. I pass by any further description of 
these matters, because they do not readily come to the appre- 
hension of the understanding without some idea acquired from 
plates. The reader should, therefore, consult [anatomical] 
treatises* 

106. The protuberant bodies of this medulla expand and 
contract according to the direction of the fluent fibres, or ac^ c 
cording to their acquired form; and they do this both breadths 
wise and lengthwise, and also in unity with the brains, both in 
general and in particular. We cannot indeed behold the mo- 
tion of this organ, for it lies underneath the brains and is 
guarded and defended by the strong basilar bone,t but still 
the rational sight or the mind, which penetrates to secret re- 
cesses of nature denied to the eye, judges from the indications 
afforded by the forms and by all that comes to view, that the 
single bodies of this medulla act their systole and diastole, 
equally as do the brains. For here we see incisions in the form 
of clefts, gaping spaces, fibres continued from the brains, ap- 



V * 



♦The annular protuberance or fA name given to the sphenoid 
pons Varolii. bone. 
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pendices on which are impressed forms of motion, throbbing 
arteries placed in the midst, interstices between the beginnings 
of the nerves, and a perpetual flow of animal spirits and humors. 
Therefore, he who denies motion to these scales and levers of 
the brain, he also denies life to the body ; for we live as animate 
beings by virtue of motion, and we move by virtue of life. 

107. The spaces between the meninges, the lateral ventri- 
cles and aiso the fourth ventricle, the interior sanguineous re- 
ceptacles, the intercalated clefts and retiform plexuses^ all give 
abundant opportunity for this expansion. As regards merely 
the sanguineous receptacles ; these present themselves to sight 
scattered here and there in the cerebrum and cerebellum, and 
also in the medulla oblongata, where, however, they are less 
dense. For they are, as it were, sinuses or asylums for the 
superfluous and worn out blood and are so numerous that, in 
dissected hemispheres, they present the appearance of ruddy 
stars. Their use is not only that they may receive any excess of 
blood, and may help in dilating the brains, but also and more 
especially that they may hold the brains to a just measure of 
expansion. For it is known that the brains swell in gladness, 
courage, and hope, but are contracted in sadness and fear ; and 
yet in every such state induced by the aflFections of the animus 
they continue their animatory alternations. Hence the effects 
that follow are either stronger or weaker ; hence also the cere- 
brum is stretched, as in wakefulness, and its beds relaxed^ as in 
sleep. 

108. But the specific directions are as many as are the be- 
ginnings of the nerves that issue forth, and to which as to 
peduncles the expansory motion is determined. For the direc- 
tions of the motion are particular, specific and general, all so 
co-ordinated and subordinated that the particular directions 
refer themselves to their specific directions, the specific to their 
generic and these to one universal direction. The most single 
determinations are as many as are the fibres ; the special deter- 
minations, as many as the bundles of fibres ; and the general de- 
terminations, as many as the nerves. Such is the case in the an- 
nular, olivary and pyramidal protuberances ; such in the striate 
bodies ; and such also in the cerebrum and cerebellum ; but all 
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return to the common direction, — ^the direction of the whole 
encephalon, — ^to which all inferior directions are subsidiary 
and with which they conform. 

109. But in general they tend towards the medulla spinalis; 
in order, however, that they may suitably refer themselves to 
this point, they finally curve around from the anterior, por- 
tion of the medulla oblongata to its posterior, towards the 
fourth ventricle, and thus to the posterior portion of th^ 
medulla spinalis. This is evident from the direction of 
the fibres; from the transverse and perpendicular incisions 
which traverse the medulla oblongata in the neighborhood 
of the pyramidal and olivary eminences; from the manner in 
which the fourth ventricle and the calamus scriptorius are ex- 
panded; from the influx of the motion of the cerebellum 
through the pedtmcle; from the break in the medullary and 
spinal stem posteriorly, but not anteriorly, in the great fora- 
men of the occiput and the vertebral cavity; moreover also 
from the exit of the nerves and, in the whole cylinder, the direc- 
tion of their motions toward their b^nnings; besides many 
other indications of which we shall speak in detail in our trans- 
actions. 

CHAPTER V. 

THE DETERMINATION OF THE MEDULLARY SUB- 
STANCE IN THE MEDULLA SPINALIS. 

109a. In the spinal or vertebral canal, this same medullary 
substance constitutes the circuit or periphery, while the cineri- 
tious substance constitutes the axis, — just the reverse of what 
obtains in the brains. Here are found longitudinal fibres, ob- 
lique fibres, and fibres that are circular afid spiral; for th^ long- 
itudinal fibres are fibres of the cerebrum and cerebellum ex- 
tended to this spine, while the other fibres are proper to the axis 
itself. These fibres, mutually, as it were, banded together, make 
a bundle of inextricable texture, and one that cannot be resolved 
so long as the fibres live in consort. The last fibres terminate 
in a cone and pursue their course almost in a straight line; 
the collected bundle of these fibres is called the Cauda Equina. 



^ 
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By every alternation in the animation of the brain, and also 
by force of its own cineritious substance, this whole medul- 
lary structure is stretched lengthwise, and expanded breadth- 
wise. For between the integuments is a space into which it 
swells; at the back are cavities; and in front is stretched a longi- 
tudinal indentation. But the internal directions of the mo- 
tion are as many as the nerves which are to issue forth through 
the cranies of the vertebra, and to which the directions re- 
fer themselves as to their axes and peduncles; these nerves, 
after they have measured their course through the body, again 
unfold their fibres. In general, this medullary crust is so ex- 
panded and elevated that it surges towards the posterior region 
of the spine but not towards the anterior. 

Such is the nature of the determination of the fibres of the 
medtUlary substance, the direction of the motions and active 
forces, and the fluxion of the spirits of the encephalon. From 
these, by the mediation of the nerves, organic forms and 
motor powers are raised up in the body, and renewed, actuated, 
and vivified. For according to the state of this formative sub- 
stance, causes flow into their effects, and forces into their 
modes, suitably to the intuition and representation of the soul. 
Wherefore, from its very beginning, the fibre is conceived, 
bom, bent, and determined to a use in the mediates and ex- 
tremes, which is foreseen and present. 



110. In the spinal or vertebral canal, this satne medullary 
substance constitutes the circuit or periphery, while the cineri- 
tious substance constitutes the ctxis, — just the reverse of what 
obtains in the brains. See above, n. 62-67. Here are found 
longitudinal fibres, oblique fibres, and fibres that are circular and 
spiral. That there are longitudinal fibres, and that these arc 
interwoven with fibres running from a center in an oblique 
and circular direction, that is to say, spirally, is apparent from 
the downward flux of the fibres from the brains; namely, [i] 
From their inflexion, — which is fascicular when they enter into 
the beginnings of the nerves ; almost circular in the neck ; ap- 
proaching to a spiral in the dorsum; becoming an elongated 
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spiral in the lumbar region ; and finally, in the cauda equina, 
almost a straight line. [2] From the insufflation of air, or the 
injection of lymph between the arachnoid and pia membranes, 
and also underneath the latter; for the injection flows around 
as though in a circle. [3] Finally, from the fact that this 
medulla, when exposed to the air, passes oflf into a himior, and 
when dried or boiled, falls to cljust; this shows that the fibres 
are interwoven crosswise, and that longitudinal fibres flow 
into transverse diametric, oblique, or circular fibres, or, the 
fibres of the cerebrum into those proper to the medulla spinalis. 
For the longitudinal fibres are fibres of the cerebrum and 
cerebellum extended to this spine, while the other fibres are 
proper to the axis itself. 

111. These fibres, mutually, as it were, banded together, 
make a bundle of inextricable texture, and one that cannot be 
resolved so long as the fibres live in consort. For, as examina- 
tion shows, there are fibres which are transferred from the 
right side to the left, and from the left side to the right, and 
while they are following this course, they are decussated by 
other fibres which they meet. From the interweaving of the 
fibres which thus results, there is formed, as it were, a platted 
mat, which is stretched in motion, and relaxed in rest. Thus, 
and in no other way, are the fibres proper to the medulla 
spinalis held in consonance with the fibres of the cerebrum 
and cerebellimi, and in obedience thereto; and this, in order 
that the latter may will and command, and that the former may 
inflow into the motor fibres of the body, and act. 

112. The last fibres terminate in a cone and pursue their 
course almost in a straight line; the collected bundle of these 
fibres is called the Cauda Equina. What rims through this 
cone and infills it, is a purely fibrous substance distributed into 
quasi nerve fascicles, which, when separated from their mutual 
ccmnections, exhibit the appearance of a horse's tail {cauda 
equina). 

118. By every alternation in the afvimation of the bratn, 
and also by force of its own cineritious substance, this whole 
medullary structure is stretched lengthwise, and expanded 
breadthwise. Exactly according to the direction of the fibres 
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which are so many little canals capable of extension and ex- 
pansion, for they are images of the arteries. See the com- 
parison instituted below, [n. 119, seq.\ For between the 
integuments is a space into which it swells; at the back are 
cavities; an%d in front is stretched a longitudinal indentation. 
Here we meet similar phenomena, as those noticed above in 
the description of the medulla oblongata, [n. 105-107]. The 
same remark also applies to what follows, namely, But the 
internal directions of the motion are as many as the nerves 
which are to issue forth through the cronies of the vertebrtB, 
and to which the directions refer themselves, as to their axes 
and peduncles, [n. 108, 109.] 

114. These nerves, after they have measured their course 
through the body, again unfold their fibres. The case is not 
unlike that of the pedimcles of the cerebrum and cerebellum, 
concerning which we have already observed that they first 
gather together the scattered fibres, and then send them forth 
in every direction; almost like the trunk of a tree which 
sends out its roots on the one side, and its branches and leaves 
on the other. Such also are the nerves, which finally tmfold 
themselves into organic forms, as into so many branches and 
twigs. 

116. In general, this medullary crust is so expanded and 
elevated that it surges towards the posterior region of the 
spine but not towards the anterior. Compare what has been 
said above, n. 109. For the anterior part of the medulla 
spinalis adheres somewhat closely to the dura mater or thick 
involucrum; but its posterior is slightly removed from this 
covering. There are, moreover, many other confirmatory in- 
dications, as, for instance, the cavities at the back, and the 
corrugations of the posterior spinal arteries and veins, etc. 

116, Now, follows the end and use, which I simply adduce 
without making any comment, namely. Such is the nature of 
the determination of the fibres of the medullary substance, the 
direction of the motions and active forces, and the fluxion of 
the spirits of the encephalon. From these, by the mediation 
of the nerves, organic forms and motor powers are raised up 
in the body, and renewed, actuated, and vivified. For ac- 
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cording to the state of this formative substance, causes How 
into their effects, and forces into their modes, suitably to the 
intuition and representation of the souL Add to this the ob- 
servations made in Trans. I., Chapter iii. [n. 247, seq.] 

117. Wherefore, from its very beginning, the fibre is con- 
ceived, born, bent, and determined to a use in the mediates 
and extremes which is foreseen and present. For the fibres of 
the olfactory, optic, acoustic, and gustatory nerves, go straight 
from the bosom of their medulla as soft fibres ; the other fibres 
are somewhat firmer, and harder, and are bound together in 
stouter tunics. Some, from their very first motion and step, 
are deeply conscious of the society into which they are to 
enter, and therefore, even from the womb, they at once sepa- 
rate themselves from their companions, and pick out an en- 
tirely different path. Such is the case with the spinal nerve,* 
which ascends through the occipital foramen to the eighth 
pair* of the head, — ^to say nothing of like departures in the case 
of other nerves, especially after they have entered the kingdom 
of the body, where they diligently seek out and come across 
companion sensory and motor nerves, to which they ever 
and anon adjoin themselves. Surely, no such thing would 
happen xuiless this activity and determination were impressed 
upon them by some superior mind which is concealed from our 
inferior mind, and which sends forth ministering fibres, like so 
many rays, for the performance of its ordinances, and the car- 
rying out of its decisions. 



^Called also the spinal acces- 
sory nerve. 

*The par vagrum. The spinal 
accessory nerve rises from the 
medulla spinalis of the neck, as- 
cends to the brain through the 



occipital foramen, and there joins 
the par vagum. In company with 
this nerve it again passes through 
the occipital foramen. It then 
separates from the vagus nerve 
and is distributed to the trapezius. 
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CHAPTER VI. 

ON THE SIGNIFICATION OF TERMS 
IN NEUROLOGY. 

117a. But since the medullary substance is made up of 
fibres and vessels, and of other ducts emulous of the fibre 
and vessel, aU mutually interwoven and joined together by 
anastomosis; and also of the various kinds of lynvphs and 
serums which course between them; it is necessary for the 
science of anatomy, and here, in particular, for the science of 
neurology, that each of these constituent parts be given its 
own proper name, and that the meanings of these names be 
explained. That is called a Fibre which draws its origin from 
the cortical substatice; a Vessel, which draws its origin from 
the heart; and a Duct, which draws its origin from a gland; 
or, what comes to the same thing, a Fibre is that which cotir 
veys the purest animal fluid, a Vessel that which conveys the 
blood, and a Duct that which conveys all other humors. The 
fibres of the brain are called medullary fibres, and their con- 
tinuations in the body are nerve fibres. Fibres, therefore, de- 
scend from the superior kingdom, or kingdom of the brain, 
into the inferior kingdom, or kingdom of the heart, while ves- 
sels, on the other hand, ascend. But whether we say fibre, or 
vessel, or duct, they are all nevertheless little canals, be- 
cause hollow and permeable. But because, in universal na- 
ture and the kingdoms of nature there exists order and de- 
grees of order, therefore there are simple and compound fibres, 
simple and compound vessels, and simple and compound 
ducts. Therefore, by reason of composition, there are fibres 
of the first, of the second, and of the third order, in which 
respect fibres make one with vessels and ducts. Moreover, 
there are vessels of a middle nature, both in respect to their 
origin, and in respect to the fiuid which they convey; these 
we call vessels emulous of the fibre. But motor, fieshy, mus- 
cular, tendinous, brawny, and even cartilaginous and os^ous 
fibres, must be derived from genuine fibres, vessels, and ducts. 
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On the other hand, sprigs, branches, shoots, foliage, sprouts, 
boughs, capillaments, cords, stamens, villi, threads, funicles, 
strings, stems, trunks, fascicles, and bundles, are names com- 
mon alike to the family of fibres, and to that of vessels and 
ducts. 



118. But since the medullary substance is made up of fibres 
and vessels, and of other ducts emulous of the fibre and ves- 
sel, all mutually interwoven and joined together by anasto- 
mosis; and also of the various kinds of lymphs and serums 
which course between them; it is necessary for the science of 
anatomy, and here, in particular, for the science of neurology, 
that each of these constituent parts be given its own proper 
name, and that the meanings of these names be explained. 
As, for instance, what, in particular, is denoted by fibre, what 
by vessel, and what by the other principles and objects of the 
science of angiology. Anatomists use these words promiscu- 
ously, for some call a fibre a vessel, and others a vessel a fibre, 
each one using the terms according to the individual ideas 
which he has conceived respecting the things meant. Thus 
each one interprets the term in accordance with his under- 
standing of the thing; and, conversely, each one explains the 
thing meant in accordance with his understanding of the 
term* Hence, from terms arise so many disputes respect- 
ing things, and from things respecting terms. But to 
choose suitable and simple words and to bring out the in- 
nermost meaning of these words, is impossible, except to 
one who has a profound knowledge of the essence and na- 
ture of the thing to be expressed. Who, pray, can g^ve a 
true definition of the fibre if he be ignorant of its origin, na- 
ture, and functions? Will he not take a capillary vessel, or 
the ultimate ramification of some artery or vein, to be a gen- 
uine fibre? — for they are alike in tenuity and in appearance. 
This is the reason why the one term is substituted for the other 
promiscuously. 

119. That is called a Fibre which draws its origin from 
the cortical substance. Add here Trans. II., n. 111-117. This 
signification of the term Fibre agrees also with the signifi- 



44 THE FIBRE, 

cation commonly accepted. For fibres are called fibres 
of the brain, and their continuations fibres of the nerves. 
Hence fibres are distinguished from vessels by the fact that 
each one of them enjoys its own individual origin from which 
it derives its particular nature. In this way, also, is the term 
fibre understood by the mind, which is the parent of ideas or the 
mistress of words. A Vessel, which draws its origin from the 
heart. Therefore it is called a blood vessel, and, in particular, 
an artery or vein. This nomenclature, however, causes no 
dispute, for it is in received usage among anatomists. And 
a Duct, which draws its origin from a gland. Hence we have 
secretory, excretory, lymphatic, serous, lacteal, bile, pan- 
creatic, salivary, chyliferous, seminal and many other kinds 
of ducts. For the peculiar office of glands is to prepare 
humors of this nature, and, when they are prepared, to 
send them forth, that is, educe them, through little chan- 
nels to specific and particular uses. Some, indeed, call these 
ductules vessels ; but I think the term unsuitable because they 
differ from the vessel in origin, nature, and function. How 
manifold in the body are the origins of such ducts, may be 
learned merely from examination under the microscope ; for in 
the cuticles, in the single viscera, yea, in the arteries and veins, 
they constitute entire membranes, which are commonly called 
glandular. The names given above have been drawn from the 
origins of the things named, but they will also be found suit- 
able if we base our nomenclature on the fluids which they 
convey. And so follows the induction. Or, what comes to the 
same thing, a Fibre is thai which conveys the purest animal 
fluid, a Vessel that which conveys the blood, and a Duct thai 
which conveys all other humors. 

120. The fibres of the brain are called meduttary fibres, 
and their continuations in the body are nerve fibres. Fibres, 
therefore, descend from the superior kingdom, or kingdom 
of the brain, into the inferior kingdom, or kingdom of the 
heart, while vessels, on the other hand, ascend. The inferior 
animal kingdom is the body proper, which is built up from 
the blood and its vessels, and is therefore called the kingdcnn 
of the heart. In this kingdom are actions or executions, that 
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is to say, eflfects and external sensations. The superior king- 
dom is the brain, wherein are fibres with their animal spirit. 
More especially, it is the kingdom of the cortical substances, 
for in these is the beginning of the brain. In this kingdom are 
the causes of eflfects, and here are volitions and internal sen- 
sations. There is also a supreme kingdom, where is the purest 
and vital essence of the blood, and to which fibres may be at- 
tributed by eminence. In this kingdom are the beginnings of 
determinations, the intuitions of ends, and the first representa- 
tions of things,— consequently the soul itself. Such, then, is 
the number of the kingdoms into which the animal empire 
is seen to be divided, — ^but to explore the mutual and re- 
ciprocal influx of the one kingdom into the other, is to explore 
the conunerce of soul and body. 

121. But whether we say fibre, or vessel, or duct, they a/re 
all nevertheless liitl£.,J!^.QMis, because hollow end permeable. 
But on the permeability of the fibres, even the most minute and 
simple, see what follows [n. 142-143]. 

122. But because in universal nature and the kingdoms 
of nature there exists order and degrees of order, therefore 
there are simple and compound fibres, simple and compound 
vessels, and simple and compound ducts. On the series, de- 
grees, subordination, and co-ordination of all things in created 
nature, see Trans. I., Chap. viii. [n. 579, seq.] In that chapter 
I have by no means intended the simple to be understood as 
meaning what is devoid of all dimensions, space and extension, 
but as meaning every single first in the order of the composi- 
tions of each genus ; for the absolutely simple must be sought 
for entirely outside of nature. Therefore, by reason of composi- 
tion, there are fibres of the first, of the second, and of the third 
order, in which respect fibres make one with vessels and ducts. 

123. Moreover there are vessels of a middle nature, both 
in respect to their origin, and in respect to the fiuid which 
they convey; these we call vessels emulous of the fibre. For 
there are little channels which sometimes, like fibres, carry 
animal spirit, and sometimes, like vessels, carry the purest 
serum, almost as is the case with the lymphatic vessels or 
thoracic ducts, which sometimes carry chyle, and sometimes 
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pure lymph. As regards their origin, however, these ves- 
sels spring from their own follicles, cells, vesicles, or glands, 
especially from the subcutaneous glands ; and, on their way to 
the cortex of the cerebrum, they commingle with genuine 
fibres, besides constituting the cortical substance from which 
the fibres are continued. By reason of this two-fold aspect 
they are vessels of a mediate nature, or vessels emulous of 
the fibre. But what vessels belong to this class, and what 
their quality, is a matter for particular exposition. [See Chap, 
ix, n. i68, seq; see also n. 129.] 

124. But motor, fleshy, muscular, tendinous, brawny, and 
even cartilaginous and osseous flbres, must be derived from 
genuine fibres, vessels, and ducts. All things are soft in their 
origin, even those matters which in time g^ow hard and bony ; 
for the hard arises from the soft, and the soft which is con- 
tinuous and coherent, from that which is contiguous and fluid. 
For unless beginnings were fluid, and thus enjoyed free power 
of action, their continuations could never be disposed to the 
will of fluids. What is compounded must be compounded of 
parts, and if of parts, these parts must be prior to their com- 
pound. Thus the properties that are within the concrete or the 
continuous aggregate, are to be ascribed to the fluidity of 
the parts, and to their power and nature of acting freely. 
This is confirmed by the mere anatomy of the embryo in the 
womb, and the chick in the egg, and, also, by the experience 
of the eye itself, which shows that motor or flesh fibres consist 
of coalesced vessels, fibres, and ducts, that tendinous fibres 
arise from flesh fibres, cartilaginous fibres from tendinous, 
and osseous fibres from cartilaginous, — and this by the mere 
force of inertia, or by the privation of active forces, that is, 
of vital motions. On the other hand, sprigs, branches, shoots, 
foliage, sprouts, boughs, capillaments, cords, stamens, villi, 
threads, funicles, strings, stems, trunks, fascicles, and bundles, 
are names common alike to the family of fibres, and to that 
of vessels and ducts. 
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CHAPTER VII. 

THE MEDULLARY SUBSTANCE IN GENERAL. 

124a. The medullary structure of the cerebrum, using the 
term cerebrum in a broad sense, is made up solely of fibres, 
vessels, and ducts, wonderfully intertwined with each other. 
But the first place is held by fibres, which have their origin 
in the brains; for they are produced from the cortical sub- 
stofices as from so fnany most simple and perfect little hearts, 
brains, glands, muscular grains, or matrices. The second place 
is held by arterial vessels, which, passing by the cortex and 
continually ramifying, betake themselves to the medullary 
body, and there commingle with genuine fibres. There are also 
vessels of a middle nature, or vessels emulous of the fibre, 
which are taken from the tunics of the arteries and from the 
pia meninx, and are inserted among genuine vessels and fibres, 
in order that they may perfarm their own particular function. 
There are also little ducts, though few in the healthy brain, 
which are produced from glands that frequently come into 
existence, and which take on the appearance of a compound 
fibre. That there are so many kinds of little canals and fila- 
ments in the medullary structure of the cerebrum, cerebellum, 
medulla oblongata and medulla spinalis, is declared by the 
evidence of sight. These threads, diverse in origin, nature, 
and function, mutually consociate and distinctly enfold them- 
selves into reticular plexuses. 



125. The medullary structure of the cerebrum, using the 
term cerebrum in a broad sense, is made up solely of fibres, 
vessels, and ducts, wonderfully intertzvined with each other. 
By the cerebrum, used in a broad sense, is meant, not only 
the cerebrum in particular, but also the cerebellum, me- 
dulla oblongata, and medulla spinalis, or all that which goes 
under the name encephalon; that is to say, the superior and 
prior part of the animal kingdom. 

126. But the first place is held by fibres, which hwi/e 
their origin in the brains; for they are produced from the 
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cortical substances as from so m<my most simple and perfect 
little hearts, brains, glands, muscular grains, or matrices. 
That genuine fibres have their origins in the brains, will, I 
think, be denied by no one, if he stops to consider that in 
the incubating chick, and in embryos, the cerebrum, using the 
term in a broad sense, exists before the heart, lungs, and other 
viscera, the pure and white ichor before the blood, and the 
most tender fibres, which are the first begotten, before the 
veins and arteries, which are compounds of the fibres. For 
it is plain to be seen that the fibre is emitted from the cere- 
brum for the purpose of framing the little machine of the 
heart itself, and not the reverse. Therefore, not only the 
motor fibres and the coronary vessels, but also the very mo- 
tion of the heart, all depend on the cerebrum as on their ef- 
ficient, impelling, and perpetually continuing cause, as may 
be seen demonstrated by abundant experience in Trans. I., 
Chap. iii. [n. 241, seq,] Therefore it is the cortex, or this cor- 
cular substance of the cerebrum, which puts forth the fibre, 
whence arise the nerves, arteries, and veins, from which exist 
all the other parts in the kingdom. That the cortex is situate in 
the first term of the fibres, see Trans. II., n. iii, 114, 115 ; that 
rt is like a little heart, ibid, 132-139 ; that it is like a little brain, 
ibid, n, 191-196; that it is an eminent gland, ibid. 183-190; like 
a muscle, ibid, 176-182; like a womb, ibid, 190; in a word, that 
we may attribute to it, by eminence, everything whatsoever 
that performs any kind of office in the whole animal kingdom, 
ibid. 176. But the terms heart, little brain, (cerebellum), gland, 
and muscle, are all names pertaining to compounds and not 
at the same time to simple substances; wherefore, in order 
that they may, by analogy, be applied also to these latter, they 
are called most simple and perfect little hearts, little brains, 
glands, and muscles. Confer, Trans. I., Chap, viii., sec. 5 
and 6. [n. 612-627.] 

127. But it is of importance that I here pause a little, in 
the treatment of the origin of the medullary, and hence of the 
nerve fibre, and gather together the opinions of the learned 
for the sake of confirming the above point, namely, that the 
fibre must arise from the cortex. For the very definition of 
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fibre and a knowledge of its nature, depends on an exploration 
of its genesis. The most acute investigators, such as Malpighi, 
Vieussens, Ridley, Willis, Boerhaave and others, confirm the 
point by the weight of their opinion, because experience sup- 
ports it. 

Malpighi speaks as follows : The outer portion of the cor- 
tex is covered over by the pia mater and its blood vessels, 
which penetrate deeply into the substance of the glands ; their 
inner portion puts forth a white nerve fibre like a true vessel, 
as the lucidity and whiteness of these bodies permit us to ob- 
serve. Therefore the white medullary substance of the cere- 
brum results from the connection and confasciculation of a 
multitude of these fibrils , and if the nature of the cortex may 
be explained by a familiar example, no better one would oc- 
cur, than the structure of the pomegranate." [sup., n. 19.] 
"Since a large quantity of the cortical substance is observed in 
the ventricles and at the head of the medulla spinalis, where 
are situated the interior prominences; and since, when these 
prominences are laid open, fibres are observed, which are con- 
tinuations of the nerves, we must perforce conclude that the 
nerves themselves are also produced from these interior glands." 
[n. 20.] "This is undoubtedly true, namely, that every single 
gland of the cortex is bedewed from the extreme ends of both 
arteries and veins." (ibid,) "You will also observe the same 
structure in the extreme appendices of the corpus callosum ; for 
the fibrous structures of which the arch of the ventricles is 
woven, finally end in, as it were, ragged fringes, or in produc- 
tions after the manner of gyres, and these, not unlike the mul- 
titudinous roots of plants, are immersed and implanted in the 
cortex, which thus serves the turn of soil or earth." (n. 
21, and Trans. II., n. 76, 78, 80.) 

Vieussens : "The medullary or white substance in the cere- 
brum, cerebellum, and medulla oblongata, is so closely applied 
to the cineritious substance that the two coalesce." ( n. 17.) 

Ridley : "I should take these ultimate vessels to be nothing 
else than the numerous still further capillary productions of 
the cortical vessels, (n. 18.) 
4 
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Willis: "Its parts, in respect to the encephalon and the 
medullary appendix, are like a branching shoot, growing about 
the trunk of a tree, that is, if we take the cortical substances 
of the cerebrum and cerebellum as the roots, and the whole 
medullary substance as the stem and bark." (n. 5.) 

Boerhaave: 'The outer, cineritious, [soft], and more 
humid substance is called the cortex of the cerebrum and 
cerebelltun. It everywhere closely invests the entire origin of 
the other substance, which is within, is extremely white, more 
solid, and less juicy, and is called the medulla of the cere- 
brum and cerebellum. It is clearly manifest, therefore, diat 
the latter everywhere first arises from the former, both in the 
appendices, the ventricles, the crura, and the medulla oblongata. 
But in the interior of the medulla spinalis, on the other 
hand, is found a substance similar to the cortex, being in like 
manner wholly arterial ; but it is here surrounded by the me- 
dullary substance, which is just the reverse of what obtains 
in the former case. In the cerebellum, these two substances 
are so conspicuous that the manner in which the medulla pro- 
ceeds from the cortex, and the distinction between the two, tiieir 
proportion, and fabric, can all be clearly discerned. It can also 
be seen that the cortex here is always harder and more yellow- 
ish than the cortex of the cerebrum." (n. 45.) 

If we contemplate the cortex when exposed in living brains, 
— examining it either through the lens of a microscope or in a 
drawing from life, — ^we shall plainly see how the .fibre pro- 
from it, springing forth like a rivulet from its fount 
The same is also confirmed in the case of those afflicted with 
hydrocephalus, apoplexy, catalepsy, paralysis, mania, convul- 
sions, and cynic spasms; for in such persons, as shown by 
post mortem examination, the disease of the cortical sub- 
stances is derived into the fibres continued therefnxn, and, 
finally, into the muscular fibres ; whence arise the meaningless 
actions and motions. Moreover, the physiological phenomena 
of the [animal] kingdom also [add their confirmation by 
showing] that, in the cerebrum, exists a last and a first, — a 
last, to which sensation tends, and where it tmfolds itsdf, 
passes around, and looks about; and a first, from which ac- 
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tivities flow down into the motor fibres of the body, whence 
arise actions; and this, in order that the last of sensatiqns 
may be in that place where is the first of active forces. An3**-*'*s. 
because the cortical substance is the parent of the fibre, it ^ 

therefore follows that it is in this, its own substance alone that 
the brain begins to be a brain ; for here is the receptacle of 
sensations, or the common sensory, and, together with it, the 
beginning of actions, or the common motory. For this reason 
a gyre, or rather a turning, is set up, namely, from sensation 
to perception and from perception, by means of the will, to 
action. 

128. The second place is held by arterial vessels, which, 
passing by the cortex and continually ramifying, betake thenp- 
selves to the medullary body, and there commingle with 
genuine fibres. These vessels are not indeed fibres, since they 
take their origfin only from the heart; yet they can be dis- 
tinguished from gfenuine fibres only with the greatest diffi- 
culty ; for they are of almost the same dimension, pellucidity, 
and whiteness. But that they diflfer in nature and function, 
will be demonstrated in the following pages. That the carotid 
and vertebral arteries, mounting up from the kingdom of the 
heart, approach the cerebrum and enter into it, is sufficiently 
evident from anatomy; for they compactly insinuate them- 
selves through the single fissures and into the well-nigh 
labyrinthine anfractuosities, and, by their mutual apposi- 
tion and conglomeration constitute membranes, or a kind of 
vascular flesh. In this way they frequently penetrate into 
the beds of the cortex, or, passing the cortex by, immerse 
themselves in the medullary lake, and this in such number that 
it may be doubted whether the medulla is not a mere con- 
tinuation of the arterioles without the intervention of any new 
substance, that is, of any cortical substance. But that the 
little arterial twigs penetrate into the medullary nucleus, and 
become the second constituent of that nucleus, — and this with- 
out that rebirth which takes place when they go into new 
cortical spherules, — is a matter that ought to be decided by ex- 
perience alone. Let us therefore hear the anatomists : 
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Malpighi confirms it in the following words : "In the mass 
of the cerebrum and cerebellum we found remarkable and 
numerous ramifications of arteries and veins, — such certainly 
as are to be met with nowhere else in the body ; yet in such a 
way that the trunks of the arteries were not always accom- 
panied by veins ; this we have especially observed in fishes. In 
the more perfect animals, therefore, it is clear that the blood- 
vessels, by means of the meningeal membranes, irrigate the 
extreme glands of the cortex, of which the cerebral gyres are 
composed, and that their offshoots penetrate to the inmost parts 
of these cortical glands." (n. 20.) "Nor are there wanting 
blood vessels, by which, indeed, the whole substance of the 
cerebrum is pervaded; for if we institute a comparison with 
the whole body, we shall find at least a third, if not a half, 
of the blood is carried into the head." (n. 21 sup. Trans. 
II., n. 78.) 

Leeuwenhoek: "Throughout this clear matter, and these 
globules were scattered a great number of extremely minute 
blood vessels, which, when laid over each other three or four 
deep, without any other interjacent material, were like- 
wise distinguished by their red color," etc. (n. 22; Trans. 
IL, 71.) "Examining a sheep's brain, I likewise found in 
the cortical parts a vast number of the most delicate blood 
vessels. I have often seen this incomprehensible multitude of 
exquisitely minute blood vessels with my own eyes; and I 
saw almost every single vessel again splitting into lesser 
branches," etc. (n. 24; Trans. II., n. 73.) "When we gently 
separate the deeper parts of the cortex, lying in the middle 
region of the cerebrum, from the medullary parts, we see be- 
tween them so great a number of little blood vessels, as to 
make an entire membrane. In addition to these fine blood 
vessels, there are, in the cerebrum, still other vessels of such 
fineness, that, in my judgment, no round corpuscles could per- 
meate them, even if it were divided into more than a thousand 
parts. I say nothing here about blood vessels which equal 
or excel the thickness of a hair of our head." (n. 22.) "In 
all my observations, enumerated in these pages, I pass by 
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without mention the innumerable blood vessels running 
through the cerebrum, which can be seen in the dissected 
brain with the naked eye ; for they are like entire rivers when 
compared with the little vessels spoken of above, which latter 
must be esteemed as the merest rivulets, brooks, and rills." 
(n. 25.) "When I set the structure of a pig's brain be- 
fore my eyes, I had no difficulty in concluding that there must 
be a certain connection between the blood vessels and the 
particles of the brain, in order that the latter may be pre- 
served, and may maintain their vitality by a perpetual inflow 
of blood ; for in the bodies of animals where this is lacking, 
corruption must necessarily set in/' (n. 36.) Consult the 
author's figure, [sup,, n. 38, fig. 13], where he delineates a 
blood vessel lying in the midst of the cerebrum, which he thus 
describes: "I placed under the microscope an extremely fine 
particle of the cerebrum, in which appeared an incredible 
multitude of blood vessels cut transversely and at right angles ; 
indeed, all the parts designated in Fig. 13 by the letters 
OPRSTVW, even to the very dots, are nothing but blood 
vessels. Y and Z designate two larger vessels, containing 
clotted blood." (n. 38.) 

The stupendous ramifications of the arteries of the cere- 
brum, their discerption, and their consequent abundance, are 
depicted in a figure by Ruysch, who, by his peculiar method of 
maceration,* separated and unravelled the little stems which 
are continuations of the arteries, by loosening their connec- 
tions, and thus brought to view the immense multitude of ves- 
sels penetrating the cerebrum, ([n. 53-55], Trans. II., n. 87.) 
This anatomist gives reason to believe that the cortical sub- 
stance is not glandular but vascular. (n. 57; Trans. 
II., n. 86). But this dispute about words is easily settled if 
we reflect on the origin of the cortex, and on its progress into 
the fibre; for each single spherule, vesicle, or gland of the 
cortex arises from a certain vascular termination, and from this 
it progresses into a fibre. The fibre, therefore, is a continua- 



*For a description of this method, sec 2 E. A. K, n. 86. 
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tion of the vessel, with the cortex interposed. Confer Trans. 
IL, n. no, III, scq. Thus there is nothing in the cortical gland 
that is not vascular, according to the c^inion of Ruysch, 
and there is nothing in this vascul^w expanse that is not 
glandular, accordmg to the opinion of Malpighi, who says: 
"This is undoubtedly true, namely, that every single gland 
of the cortex is bedewed ifrom the extreme ends of both arter- 
ies and veins." [n. 20.] Confer, [n. 19, 20, 23, 24, 25, 
45. S7> and] Trans. II., n. 12 [ ?72], 73, 74, 76, 78, 80, 85, 86, 
91, 111-116. 

The above considerations make clear the distinction between 
fibres and vessels. The former, although they are continua- 
tions of arteries, with the cortex interposed, greatly differ 
from vessels in their nature, that is to say, in their force, and 
their manner of action ; for from a new origfin, they derive a 
new genius, — on which matter see what follows. By vessels, 
therefore, we mean, not only the arterial shoots implanted 
in the cortex, or which build up the cortex, but also those 
which, passing the cortex by, pour themselves into the medul- 
lary nucleus. In this way, I believe, one may understand 
what the fibre is, and what the vessel, and, moreover, that in 
the structure of the medullary part of the cerebrum there is 
more of what is vascular than of what is fibrous. For the 
vessels are continually ramified, and thus occupy a great deal 
of space; but this is not the case with the fibres, for these 
cannot be ramified. This seems to have given the ancient 
philosophers, such as [Aristotle], Alexander, Averroes, and 
Apono,* the basis for .their opinion that the nerve fibres arise 



♦The Alexander referred to is 
probably Alexander op Traixs 
(525-605), a Byzantine physician 
who is said to have been the 
greatest of medical authors since 
Hippocrates. Averroes (1126- 
1198), was a Spanish philosopher 
and phsrsician, reckoned as the 
most advanced Aristotelian of 
his age. Apono (1250-1316), was 
an Italian physician and Aristote- 



lian, celebrated as a translator of 
Hippocrates and Galen. In ad- 
ducing these authors, and also 
those that follow in the text, Swe- 
denborg is quoting from Bartholin, 
who states that, while Alexander, 
Averroes and Apono agreed with 
Aristotle that the nerves arose 
from the heart, they added that 
this origin was by means of die 
brain. See n. 12. 
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from the heart; and it seems also to have given Praxagoras, 
and, among modem authors, Cesalpin, Reusner, Hoffman, 
Martian, and also Willis, the basis for their opinion that the 
nerves are nothing else than continued veins and arteries, 
(n. 12.) 

Aristotle's words are: "In all blood animals, the prin- 
cipality of the senses is in the heart, for in the heart must we 
necessarily place the common sensory of all the sensories." 
{De Juventu4e et Senectute iii., 23.) "Some suppose that 
the power of sensation has its seat in the cerebrum." (Ibid., 
35.) "Therefore, in blood creatures, the soul, as it were fiery, 
is in the heart, and in bloodless creatures, in some correspond- 
ing part." (Ibid., iv, 14.) "For, in animate creatures pos- 
sessed of blood, the heart is what is first begotten; this is 
evident from the things which we have seen in such creatures, 
while they were still coming into being. (Ibid,, iii., 7.) 

But in that age, when experience was slight, being, as it 
were, in its infancy or cradle, it does not seem to have been 
known that the cerebrum exists before the heart, or that, first 
of all, are produced fibrils, then vessels of the purer blood, 
and lastly vessels of the red blood; and that the one pre- 
cedes the other, and then, as they are compounded, acts with 
it. See Trans. I., Chap. iii. [n. 241, seq., especially n. 
249, 270-278.] Nor does it seem to have been known 
that from the abundant corcular substance of the brains 
proceed fibres, which furnish natal gifts, not only to the 
heart, but also to all the other members of its kingdom, and 
this, in a manner ordained, in order that vessels may return 
to their parent cortex, and may apply themselves therein that 
thus the circle of life may be completed. Therefore fibres de- 
scend from the superior region of the kingdom into the 
inferior region, or into the body; but vessels ascend from 
the inferior region, or from the kingdom of the heart, to the 
superior regfion ; and both are united in the cortex. The cor- 
tex, therefore, looks both backwards and forwards, that is to 
say, to the vessels that approach, and to the vessels that de- 
part ; thus in the effect it regards the cause, and in the cause. 
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the effect. But, as these matters are somewhat remote from 
the senses, and are therefore still slightly obscure, I shall en- 
deavor, in the following pages, to render them more clear, 
and to explain them. 

129. TTiere are also vessels of a middle nature, or vessels 
emulous of the fibre^ which are taken from the tunics 
of the arteries and from the pia m^eninx, and are inserted 
among genuine vessels and fibres, in order that they may per- 
form their own particular function. See above, n. 123. That 
sten.s, as it were vascular or fibrous, are taken from the tunics 
of the arteries, and also from the pia meninx, seems to have 
been first detected by the glasses of Leeuwenhoek. This anatom- 
ist calls them fibrils, — but it is better to quote his whole descrip- 
tion. Consult figs. 8, 9, ID, II, 12 [see above, n. 36-38]. "In 
fig. 8, ABCDEFGHIK designates an extremely minute por- 
tion of a pig's brain, — the particle BCDEF lying quite 
close to the meninx. AB, KC, ID, HE and GF, designate 
blood vessels which, immersing themselves more deeply 
into the cerebrum, escaped the sight ; for the few and scattered 
blood globules which flow through them have not enough red- 
ness to make the vessels visible. Those particles that are in- 
terjected lengthwise between the blood vessels, and are, as it 
were, continued from them, we have rightly called fibrils of 
the cerebrum. These fibrils which have hitherto escaped my 
sight, are shown as cut, not straight across, but obliquely. In 
the same figure, ML denotes the ruptured particles of the 
above mentioned fibril." (n. 36.) 

"In Fig. 9 the letters NOPQRS denote only a very small part 
of what we saw through the microscope ; and it is delineated 
merely to exhibit to the reader the membrane, PQR, which 
covers the cerebrum. The artery, NQ, seen in the middle of 
the figure, to which, on both sides, are joined fibrils of the 
cerebrum, is much thicker in the middle than at the extremities 
N or Q. The reason is, because the fibrils seen between NOP 
and NSR have so contracted or shrunken, that they have 
torn the artery; the middle portion of the latter, therefore, 
bulging to both sides, is necessarily thicker. Moreover, I 
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placed under the microscope a minute portion of these fibrils 
of the cerebrum of which I had happily succeeded in making 
a longitudinal section. They are shown in fig. lo, by 
ABCDEF. These fibrils exhibit to the sight four of their 
sides; indeed at one time I saw a fibril furnished with six 
sides. Hence follows the conclusion that one fibril consists 
of a number of fibrils. The fibrils shown in the figure were 
not taken from the neighborhood of the meninges, but from 
about the very centre of the; cerebrum, and they consist of 
such minute particles, that you cannot recognize any shape in 
them. These cerebral fibres are, I suppose, covered with 
delicate little membranes, which because of their extreme 
minuteness never bare themselves to our sight. But unless 
we suppose their existence, how can we account for the sep- 
aration or distinction between the fibrils which our eyes be- 
hold ? This minute portion of the cerebnmi was so shrunken, 
tKat in two places, EG and BH, the cerebral fibrils were rup- 
tured. I therefore conjecture that those fibrils had been con- 
nected with each other by little membranes. A second rup- 
ture of the fibrils is seen in the same figure at IK and IL, 
where we see fibrils connected with the fibril I, and, above 
KL, with other fibrils also. What we see in the neighbor- 
hood of A and F are particles which lie enclosed in the cere- 
bral fibrils and which have been laid bare by the scalpel, or 
by the incisions of the scalpel. When we see the fibrils 
of the cerebrum disposed in this manner, and when, at the 
same time, we contemplate the fibrils shown in Figs. 8 and 9, 
we must consider it as established that the blood vessels de- 
lineated in these figures were cut lengthwise exactly along 
the line of their channel, and that the cerebral fibrils were cut 
across obliquely, so that to our eyes the latter appear incom- 
plete. If now we reflect on the softness of the particles of 
which the cerebrum is contextured, and on the necessarily 
fragile nature of the parts that clothe the cerebral fibrils, we 
can readily imagine how that those parts would never become 
visible to human eyes. But the above mentioned fibrils of the 
cerebrum, though conjoined with blood vessels in the manner 
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just mentioned, and receiving from them their increase and 
nourishment, are yet by no means offshoots of these vessels, 
for I hold that these fibrils are not posterior in origin to ves- 
sels" (n. 37). 

"When I again secured the brain of a pig, I at (Mice removed 
the investing membrane, and placed some parts of the cere- 
brum under the microscope. Examining them with the 
closest attention, I found fibrils of the cerebrum con- 
tiguous to the meninx ; but, as far as I was able to distinguish 
by sight, they showed a preference for the round rather than 
the quadrangular figure. I have often made longitudinal sec- 
tions of the fibrils of the cerebrum where they are adjacent 
to the meninx, and, finally, I was fortunate enough to suc- 
cessfully place them so dissected under the microscope with- 
out a break. I at once had them drawn, and they are shown 
in fig. II, by ABCDEF, CDE denoting the membrane invest- 
ing the cerebrum. Where these cerebral fibrils are stretched 
lengthwise, they are rendered uneven by a number of rugosi- 
ties, which the artist has imitated as accurately as he 
was able. The gap between A and D is caused solely by 
this corrugation, whereby some of the fibrils are drawn apart 
from each other. I afterwards tried to so separate the fibrils 
of the cerebrum from each other as to see both their thickness 
and their breadth ; but, in the process, they were, in part, broken 
into minute fragments. I placed the largest of these frag- 
ments, although it also was broken, under a higher powered 
microscope, and, in fig. 12, I have had it designated by 
GHIKLMN. The rupture of this portion is seen in two 
places, namely, HI and KL. The blackish color, marked MN, 
denotes the thickness of the fibril. As regards the flexures 
seen in the same place, I am unable to say whether it was I 
who made them, or whether they were caused by the pressure 
of adjacent parts. I take it that these fibrils of the cerebrum 
are easily four times thicker than the flesh fibrils of the ox" 
(n. 38). 

Concerning vessels of stupendous fineness, which were de- 
tected in the cerebrum, see Leeuwenhoek's entire description. 
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n. 22 above: and concerning the two kinds of fibrils, sec 
n. 26. 

As regards fibrils of a middle nature, they do not seem to 
have been seen as simple fibrils, but only as fibrils somewhat 
OMnpounded and confasciculated, not unlike the chords of 
Willis in the sinus of the falx, whose roots are drawn from 
the interior tunic of the sinus, [see n. 2]. So also the above 
mentioned fibrils, which, however, are drawn from the ex- 
terior tunic of the artery. But the nature of these fibrils will 
be better gathered from a description of their function. 

130. There are also little ducts, though few in the healthy 
brain, which are produced from glands that frequently come 
into existence, and which take on the appearance of a com- 
pound fibre. As to what vessels are called ducts, see above, n. 
119, namely, such as proceed from glands and carry a humor 
other than blood. Glands of the kind from which these 
ducts are extended ought not to be confounded with 
cortical glands, for they are of a different genus, order, 
and nature. The cortical glands are produced from ves- 
sels of a middle nature, but these are produced from 
true vessels. The former are natural, for without them 
there would be no brain, but the latter are abnormal, nor 
are they seen except in a brain that is diseased and whose 
vigor has been weakened. For as soon as the contiguity of 
the parts, and the ratio of the just tension, begins to be diffi- 
cient in any of the recesses ; or as soon as the medulla begins 
to gape with undue fissures, some glandular corpuscle is im- 
mediately interposed which not only fills in the space, but also 
restores tone and situation to the other threads, and at the 
same time absorbs noxious humors and carries them off 
through ductules. Such glandular excrescences are found in 
the fabric of the sinuses of the dura mater, and even outside 
the sinuses between the meninges, and also in the pia meninx 
itself, and in the choroid plexus and elsewhere, as has been 
frequently discovered in the body when laboring under such 
sickness. But they are rarely found except in brains weak- 



6o THE FIBRE. 

ened by old age, or relaxed, and, as to their interior connec- 
tions, dissolved by [cerebral] dropsy. Without these helps 
to support their feebleness, such brains, wholly impotent of 
action, would soon waste away, or die. It is my belief that 
it is glands of this kind that Leeuwenhoek mentions, where 
he says: "I attentively examined with eyes and mind, the 
white or medullary parts of the cerebrum, and especially those 
that tend towards the beginning of the dorsal medulla, and, 
as I judge, I there found what appeared to the eyes tp be oily 
globules, large and translucent as it were, surrounded by, or 
l)dng in, an ineffable multitude of the most delicate little reti- 
form vessels or lines, mingled with a number of coarser ves- 
sels ; which latter took a straight course, and were remarkable 
for their pellucidity" (n. 24). "Having turned my attention to 
the globules in the medullary part of the cerebrum, I b^an 
to consider as to whether the minute blood vessels emerging 
from the cortical parts of the cerebrum are not ag^in dis- 
persed into fine twigs of the same kind ; and whether many of 
these twigs do not, as it were, embrace these globules or, yield 
to the globules. This my opinion, — ^that many of the irr^- 
ular globules were surrounded by vessels, — was strengthened 
when I saw that many of the above mentioned vessels were 
clear in the middle, and carried at both sides a somewhat dark- 
ish appearance; and still more when I found, lying in the 
ruptured globules, many fine fibrous parts, which, as far as 
appears, are vessels" (n. 23). 

But because glands of this kind are not met with except in 
brains wasted by some disease, I again warn the reader that 
he must be careful not to assume for such glands the genuine 
cortical glands which are immersed in the medullary part of 
the cerebrum and in its indrawn recesses in great abundance; 
nor can the sight distinguish between them, any better than 
between fibres and vessels. And yet an immense and intrinsic 
difference obtains between them; for the greater the abund- 
ance of the cortical glands, the healthier is the state of the 
brains ; but the greater the abundance of glands of this kind, 
the weaker in health and the more oppressed are the brains. 
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These glands of the cerebrum should therefore be denominated 
false glands, and their ducts spurious fibres. How prone and 
ready nature is to fabricate such glandular structures, and 
thereby to restore things that are fallen and that are about to 
fall, — and this especially in the body — is sufficiently evident 
from anatomy. But to proceed, that there are so many kinds 
of little canals and filaments in the medullary structure of the 
cerebrum, cerebellum, medulla oblongata and medulla spinalis, 
is declared by the evidence of sight. 

131. These threads, diverse in origin, ncfture, and function, 
fnutually consociate and distinctly enfold themselves into ret- 
icular plexuses. On the nature of the vessel as compared with 
that of the fibre and on the function of each, and also on ves- 
sels emulous of the fibre, we shall speak in the following pages. 
By way of preliminary, we content ourselves with the observa- 
tion, that fibres, mutually consociated with vessels, go off 
into mere plexuses like networks, the smaller within the 
larger ; and that the medullary structure itself is a series and 
concatenation of such plexuses. From the determination of 
the fibres it is evident that each single fibre, whencesoever 
derived, is eagerly bent upon the performance of its own par- 
ticular function in the body ; and therefore the fibres decussate 
neighboring fibres and those that they meet; they ride over 
them, embrace them in anastomosis, desert them, and again 
touch them and inosculate. 

On this subject Vieussens speaks as follows : "The medul- 
lary substance may be easily divided into those innumerable 
fibrils, of the mutual connections whereof it is made up," and 
"it consists of somewhat long fibrils, variously inflected, which 
are so enfolded in each other, and so intercommunicant, that 
they produce the appearance, as it were, of a spongy body" 
(n. 17). 

And Malpighi : "The fibres of the cerebrum are long drawn 
out. They are not parallel, but repeatedly meet each other; 
and we see them gathered together into a fascicle, then again 
separated, and afterward riding over other lateral fibres, so 
that they present the appearance of a loose network. This is 
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best observed in the shark or dogfish" (n. 21). "For it is 
nature's accustomed way, especially at the ends of vessels, to 
form a network, as we find is the case in the extreme ramifi- 
cations of arteries and veins ; and, if we may add confirmation 
from an analogous example in plants, there are not wanting 
exactly similar structures in the fibres that compose the bark 
of the vine, and of other trees and plants," etc. (n. 20.) 

And Leeuwenhoek : "When looking at the medullary parts 
of the cerebrum it often appeared to me as if I were looking 
at a fishing net, the threads or cords of which could be easily 
stretched ; and that between each aperture of the net there lay 
a somewhat flexible piliform body" (n. 23). "I noticed fibrils 
which were joined together at one point, and then, at another, 
diverged from each other, and a little later again united; and 
if I remember right I have observed similar conjunctions in 
the muscles of a heart taken from a certain animal. In order 
to make this clear as far as possible, I have had delineated an 
extremely minute particle of the cerebnmi as seen under the 
microscope. It is shown in fig. 14 by ABCDEF, where CD 
are fibrils of the cerebrum, disjoined from each other, then 
coming together, and again diverging, but once more return- 
ing to the union at I, and still again at H. I have observed 
these alternations of conjunction and secession also in other 
places. Moreover, I placed under the microscope a ruptured 
particle of a cerebrum, designated by KLMNOPQR in fig. 
15, where we see two fibrils digressing from each other at the 
letter N, and at once associating with other fibrils. Such 
consociations of fibrils can also be seen in other fibres." (n. 
40.) 

When this medullary structure is laid out or unfolded into 
a plane or membrane, nets like those of the fowler come mani- 
festly to view; as is the case in the membrane that lines the 
roof of the ventricles, and also in the corpus callosum, and in 
the pia meninx itself, and elsewhere. These networks, of 
which the cerebral medulla is contextured, appear girt about 
with the softest little membranes, — ^perhaps, lest the humor 
running through the intercepted spaces lacerate the subtle 
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plexiform texture, and a grosser liquor penetrate its interiors 
with ung^teful matters. But let us now to the use. 

132. Whence arises a structure, loose, spongy, pervious to 
lymphs, bibulous, soft, capable of expansion, free to act, and 
suitable for building up the nerves. But let us take these char- 
acteristics one by one. It must be loose and spongy, since it 
is a perpetual network woven of the finest little stamens., or a 
plexus in a plexus; by virtue whereof it suffers itself, — ^not 
unlike a woolen, downy, or spongy substance, — ^to be com- 
pressed into the smallest mass. This also actually happens in 
the brains, for almost the entire medulla of the cerebrum, and 
also of the cerebellum, is compressed into a peduncle; which 
would never be the case, unless its structure were loose like a 
sponge, and, in the meantime, were steeped with humor. Per- 
vious to lymphs. There are also yawning spaces between each 
plexiform figure, which can be expanded and constricted in 
diverse ways, as may be gathered from Leeuwenhoek's figure 
described just above. That these little spaces communicate 
with each other, and that together they tend towards exits pro- 
vided by nature, where they may lay down their phlegms, can- 
not, I think, be doubted; for a humor is perpetually passing 
through them, which is purer and more refined towards the 
origfins of the nerves, but grosser and more feculant at the 
mamillary processes, etc. Hence it follows that such texture 
is bibulous and soft Also that it is capable of expansion; 
for the little spaces are so many, as it were, least ventricles, 
hollows, or potencies of dilation and constriction. And, there- 
fore, since there are so many ventricular fissures or jrawning 
commissures, there is nothing to prevent the medulla being 
expanded both in particular and also in general, and breadth- 
wise and also lengthwise. In this and in no other way, as we 
have frequently pointed out above, could it be formed in mo- 
tion and for motion. Now since the whole medullary mass is 
expanded at every alternation of the brain's animation, it fol- 
lows that at each such expansion it sucks in, transmits, and 
expels new juices. Free to act. For howsoever the form of 
Ae motion in the brain is varied, as, for instance, whether the 
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force of its expansion be determined towards the interiors, or 
the exteriors, or in some other direction, still a mass that is so 
configured will yield in whatsoever direction it pleases, and 
will accommodate itself to every mode without danger of dis- 
ruption. Meanwhile, in natural subjects, the criterion of free- 
dom consists in this, namely, that the parts in their ccmipound, 
approach more nearly to the nature of a fluid, and that they 
are set more loosely or sparsely. For the ccHnpound or gen- 
eral is then left to the freedom of its simples or parts, entirely 
according to the nature of the action of these simples or parts. 
It would be otherwise if the parts or simples were more closely 
connected together, as is the case in the pedimcles and nerves. 
For there, fibre is bound and, as it were, chained to fibre, and 
they are held together by coverings or membranous bonds, and 
thus obligated to some particular mode of action. It is other- 
wise in the brain, and this is the reason why the first stamens 
are so soft as to be almost fluid, as in the embryo and infant ; 
and why, in process of time, they acquire a harder consistency, 
which is the same thing as growing old. And suitable for 
building up the nerves. For in the nerves it is forced and 
confined to some particular form of action; not so, however, 
in the brains, from which it inflows through the nerves into 
the motor fibres, or into the actions designated by the brains ; 
for the cause must be free to act, in order that the eflFect may 
go forth. Moreover, unless the medullary substance, which is 
continued into the nerve substance, were everywhere patulous, 
porous, and filled with little cavities, the spirits could never 
run through it, nor the other liquors transpire ;* and thus the 
nerve, deprived of its vital juice and incapable of action, would 
most certainly fail in its extremities, and thereby the corre- 
spondence of the extremities [with the banning], and the 
commerce between brain and body, and also subservience, 
would be destroyed. But that these things may be treated of 
distinctly they must be taken each by itself. 



♦Literally, "breathe through." passage of humors through pores. 
The word is used to designate the See n. 142, note. 
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CHAPTER VIII. 

THE NATURE OF THE VESSEL AS COMPARED WITH THE NATURE 
OF THE FIBRE, AND THE FUNCTIONS OF EACH. 

132a. From the cortex we learn the nature of the fibre, and 
from the fibre the nature of the cortex. For the fibre derives 
its origin, nature or force and mode of action, essence, form, 
in a word, all its state and genius from the cortex; since the 
fibre is a production of the cortex, that is, its elongated ap- 
pendix. Likewise from the heart we learn the nature of the 
blood vessel, especially of the arterial vessel, and from its ves- 
sels the nature of the heart. And because each spherule of 
the cortex is like a heart, and consequently each fibre is like 
an artery, therefore, from the heart we also learn what is the 
nature of the cortex, and from the artery what the nature of 
the fibre. And if anything be lacking, we are instructed con- 
ceming the nature of both from their forms, forces, and 
modes of action in their extremities; that is, from the universal 
anatomy of the body and the pathology and physiology of 
both body and animus. The comparison therefore teaches us: 
that since an artery is the continuation of a vein with the heart 
interposed, therefore a fibre is the continuation of a vessel of 
the brain with the cortex interposed. Thus, as the vein by 
means of the heart, is reborn an artery, so the vessel, by means 
of the cortex, is reborn a fibre. As the vein, when reborn an 
artery, entirely changes its nature, so likezvise does the vessel 
of the brain when reborn a fibre. Hence, as the vein in re- 
spect to the artery is passive, and the artery in respect to the 
vein active, so the vessel in respect to the fibre, and the fibre 
to the vessel. And because veins and arteries undergo this 
mutation by the mediation of the heart, so vessels and fibres 
undergo mutation by the mediation of the cortex. But as 
soon as the ar/ery of the body enters the threshold of the 
brain, that is, into the cranium, it frees itself from the empire 
of the heart and subjects itself to that of the brain; and hence 

5 
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it transcribes its active nature into a certain passive nature. 
By reason of this the arterial vessel of the brain, again be- 
come like a vein, is rendered passive in respect to the fibre, 
which is most highly active. 

The comparison which has been instituted, further teaches 
us, that as from the left ventricle of the heart a cavity is con- 
tinued through the middle of the artery even to the last ends 
of its ramifications, so a little sinus or the minute chamber of 
the cortical spherule is continued through the middle of the 
Abre. So that every medullary fibre of the brain and nerve 
fibre of the body is pervious and transpirable, or is gifted with 
a cavity, that is to say, is a little canal, not unlike the arterial 
canal. 

In addition to experience, reason also dictates the same 
thing; for without a fluid in the fibres nothing whatever in the 
animate body could derive and carry on its origin, progression, 
order, law, motor force, light, life and sensation; since a fibre 
without a fluid is a stem impotent of action. Moreover, as 
the muscular surface of the heart is transmitted by continuity 
into the surface of the artery, so the surface of every part of 
the cortex is transmitted around its fibre. 

From the above considerations come the following conclu- 
sions: As in every point of the artery there is a likeness of 
the heart, so in every point of the fibre there is a likeness of 
the cortex. For from the origin of their motion or touch, both 
actuate their enclosed little stream into the things that follow. 
As the artery, into whatsoever gyres it be flexed and turned, 
yet drives its fluid even to the extremities; so the fibre, in what- 
soever manner it be flexed and turned. . As the artery drives its 
blood forward by a mode of undulation, whence arises the 
pulse; so the fibre drives its fluent spirit by a species of superior 
undulation, or by modification. Thus every wave expelled from 
the first starting point of motion is present, not actually but 
potentially, in its latest goals. As the blood running through 
the arteries is borne along in a steady stream and with w- 
creased celerity; so the fluid through its fibres. As the tunic 
of the artery is formed to the nature of its blood; so the 
tunicle, or most delicate surface of the fibre is formed to the 
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nature of its fluid. Thus the tunic and its enclosed fluid con- 
stitute one vessel and act as a single cause. Hence, as the 
circulation of the blood is carried on through the arteries by 
the active and reactive force of their muscular tunic; so the 
circulation of the purer fluid through the fibres by the active 
aftd reactive force of the enclosing tunicle. As the artery, 
distended with its blood, is stretched lengthwise, and at the 
same time breadthwise; so the fibre traversed by its fluid. As 
the artery flows from the heart into the motor fibres of the 
muscles; so the fibre flows from its cortex into the same motor 
fibres, but at unlike moments; whence arises action and reac- 
tion, and, from this, alternate and reciprocal motions. As in 
the arteries resides strength; so in the fibres resides the force 
of forces and the life of the body. In a word, as the artery is 
continually striving to constrict itself, or to contract to its least 
diameter; so also the fibre. But the fluid, emitted and injected 
alternately by the heart and the cortex, holds both expanses. 
Thus the artery and fibre are continually balanced between a 
state of the highest constriction and of the highest expansion, 
that is, between death and life. Therefore, by the animations 
of the brain, the respirations of the lungs, the systoles and 
diastoles of the heart, and the circulations thence arising, there 
is a continual renewal of life. 

But between the arteries and the fibres there is a difference 
of velocity and perfection, or of moments and degrees, ac- 
cording to the laws of the doctrine of order. The ratio of the 
conformity of the artery and the fibre is gathered from the 
conformity of the fluids contained in them; for through the 
artery runs the red blood with its accompanying serum, and 
through the fibre the purer essence of the blood, or the animal 
Auid; which two mutually correspond to each other. But they 
differ in the following particulars, namely: that to all the 
arteries is prefixed one great heart; but to each and every fibre 
so many little hearts. Also that the arteries are continually 
ramified, but not so the fibres. Moreover, that in its extrem- 
ity, the artery goes off into a vein; but not in the same way, 
the fibre. And, finally, that the circulation of the blood 
through the arteries is distinguished by the pulse; but not so 
the circulation of the fluid through the fibres. 
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From this comparison we may be allowed to judge cok- 
ceming the use of the vessel and the use of the -fibre in the 
brains; that is to say, because the vessel, in respect to the 
"fibre, is of a passive nature, and the fibre, in respect to the 
vessel, is active, that therefore, every compound part of the 
cerebrum, small and large, is made up of fibres, titat is, of 
active parts, and at the same time of vessels, that is, of re- 
active or passive parts. And thus that the vessels constitute 
the surface of the compound part, while the fibres constitute 
its body. 

Hence, arises a natural tempering and a limited exten- 
sion of forces; and a series is born, wherein the centre is 
regarded by every point of the surface, and the surface by the 
centre, — a series which limits the inseated forces to within a 
determined sphere of activity, and sustains, coerces, weighs 
and governs them. In this way, vessels are present every- 
where in the medulla of the cerebrum; from which it follows 
that wherever a fibre or active force is lacking or begins to be 
lacking, there the vessels raise up a new cortex or cineritious 
substance (from which spring forth new fibres or new forces), 
according to every ratio of composition in the beginnings of 
the nerves, and according to the use in their extremities. 



133. From the cortex we learn the nature of the fibre, and 
from the fibre the nature of the cortex. For the fibre derives 
its origin, nature or force and mode of action, essence, form, 
in a word, all its state and genius from the cortex; since the 
fibre is a production of the cortex, that is, its elongated ap- 
pendix. The cortex does not beget and bring forth the fibre 
as a parent begets and brings forth some new oflFspring, but it 
produces itself into the fibre ; for, separated from the fibre, the 
cortex, howsoever great its potency, is an ens without any 
determination into act, like a brain torn away from its body. 
That both together constitute a unanimous body is known from 
the fact that the cortex sensates whatever touches and strikes 
the fibre, and that the fibre does whatever the cortex deter- 
mines. For the cortical substance is the real brain, or the 
common sensory and motory. 
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1S4. Likewise from the heart we learn the nature of the 
blood vessel, especially of the arterial vessel, and from its ves-- 
sets the nature of the heart. This you will see confirmed every- 
where in our first Transaction on the Blood and its Heart and 
Vessels. 

135. And because each spherule of the cortex is like a 
heart, see Trans. II., n. 132-139, and elsewhere throughout, 
and consequently each -fibre is like an artery, therefore, from 
the heart we also learn whai is the nature of the cortex, and 
from the artery what the nature of the fibre. By this syllogism 
or series of consequences, we conclude with certainty that the 
indications afforded by the one member when theoretically ex- 
amined, will lead us to the knowledge of the other; as in the 
present case an examination of the heart into a knowledge of 
the cortex; for there is a connection of all things from their 
causes, which are simple and single. The primitive little heart 
of the body, as is plainly seen in chicks and embryos, is not 
unlike a spherule and form such as is that of the cortical sub- 
stance in the brain. The fact that the little heart of the body 
increases to its dimensions and amplitude, does not prevent the 
likeness of the one still remaining in the other. The mass into 
which the heart of the body grows must in all respects corre- 
spond to the extension of its action or circulation, and to the 
gravity of a grosser fluid, that is, to the resistance of the blood ; 
for nature is perpetual in her measures and modes. 

186. And if anything be lacking, we are instructed con- 
cerning the nature of both from their forms, forces, and 
modes of action in their extremities; that is, from the universal 
anatomy of the body and the pathology and physiology of 
both body and animus. There is not a single thing in the 
animate body that is not compounded and formed from a first 
and simple stem; for effects flow from efficient causes, while 
the modes of action in the effects are the phenomena with 
which animal pathology and physiology abotmds. If now 
the efficiencies of things in the living system reside in the cor- 
tex, it follows that all the single effects conspire to reveal the 
nature of the cortex. This is also confirmed by the doctrine of 



70 THE FIBRE. 

Order and Degrees,* which shows that aggregate entities of any 
given degree and series, refer themselves to their unities as to 
their most simple parts, (Trans. I., n. 629, 630) ; and that from 
the form, nature, and mode of action of such aggr^ates, we 
may know what is the form, nature, and mode of action of the 
parts ; and therefore that a general and particular experimental 
knowledge of the things which at any time touch a sensory, 
points out the essence of the least things of the same degree, 
{ibid, n. 631) ; yea, of corresponding things which are still more 
simple, or, of superior degrees, {ibid. n. 632). But let us come 
now to a closer comparison such as you will see commenced 
in Trans. I., n. 472, 570. 

137. The comparison therefore teaches us: that since an or- 
tery is the continuation^ of a vein with the heart interposed, 
therefore a fibre is the continuation of a vessel of the brain with 
the cortex interposed. Concerning the artery see Transaction 
L, n. 130-133, and Ch. vii, on the Motion of the Adult 
Heart, [ibid n. 460 seq,]. For both vena cavas flow with 
their blood into the right auricle and ventricle of the heart, 
and when this blood has been passed through the lungs, it 
returns into the left heart. The right heart therefore is the 
venous heart and the left the arterial heart. But in the em- 
bryo, where the pulmonary tubes have not yet been opened, 
the venous blood is transferred by a quicker path, namely, by 
the foramen ovale and the ductus arteriosus into the left heart 
and the aorta. Thus the artery is wholly continued to the 
vein, with the heart interposed. I do not here dwell on the 
reasons why the continuation of vein into artery is closer and, 
as it were, more immediate in the embryo than in the adult, 
for in the latter, the blood is forced through the lungs, which 
are the two appendages of the heart, before it is returned to- 
wards the left or arterial heart. Now as regards the parts of 
the cortex: that they are ccwitinued from vessels or arteries, 



♦The doctrine of "Scries and doctrine of "Order and Scries,** 
Degrees" is expounded at some and in 2 E. A. K, 210^ the "Doc- 
length in I E. A. K., 580, seq,; trine of Order." 
in 2 E. A. K., 350, it is called the 
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that is, that they are set in the last term of the arteries and the 
first of the fibres, has been shown in Trans. IL, chap, ii, [n. 
69 seq.], and also confirmed by the most indefatigable and 
skillful anatomists, Malpighi, Ruysch, Vieussens, Ridley, Boer- 
haave and Leeuwenhoek, the proofs of whose experience, if 
I should again recite them, would fill both sides of the page. It 
is a constant truth that the vessel emanating from the heart, 
comes to an end in the cortex, and that by means of the cortex 
it is reborn a fibre, which returns to the heart or to some 
vein or artery thereof, from which, by a wonderful gyre, it 
again rises up to the cortex. Thus, as the vAn by means of 
the heart, is reborn an artery, so the vessel, by means of the 
cortex, is reborn a fibre. 

138. As the vein, zvhen reborn an artery, entirely changes 
its nature, so likewise does the vessel of the brain when reborn 
a fibre. That the texture of the timic of veins is different from 
that of the tunic of arteries, and also the nature of venous blood 
from that of arterial blood, is sufficiently evident from the teach- 
ing of angfiology; — ^but here is not the place to explain this 
difference. We note merely that as the venous blood diflFers 
from the arterial blood, so the tunic of the vein differs from 
the tunic of the artery ; for the one is so accommodated to the 
other that the tunic together with the blood constitutes the 
vessel. As regards the blood, it undergoes a change not only 
in the lungs but also in the heart ; for the heart is a chemical 
organ preparing liquids for the composition of blood, (Trans. 
I., n. 453-457), for which end it also adjoins to itself the 
lungs, which are the appendages of the heart, as an aid. Hence 
also comes the transformation of the nature of the vessels. 
That it is form that makes things to be what they are found to 
be, see Transaction II., n. 244. As regards the cortex, it is 
not indeed the eye but the mind that, by comparison with 
the visible heart, comprehends that something similar can be 
predicated of the cortex, and also how far we may be allowed 
to carry the conjecture, (see Trans. IL, n. 138). 

189. Hence, as the vein in respect to the artery is pas- 
sive, and the artery in respect to the vein active, so the ves- 
sel in resptct to the fibre, and the fibre to the vessel. The vein 



72 THE FIBRE, 

can hardly be called passive in the sense that it possesses no 
activity whatever; for it is furnished with a muscular tunic, 
and it reacts so far as the blood which it pushes and propels 
toward the auricle of the heart acts (Trans. I., n. 190-198, 
523) ; but the proximate cause of its action is due to the 
artery, (ibid., n. 332.) Wherefore vein and artery pro- 
ceed like two consorts of one marriage bed. So likewise the 
blood vessel of the brain, which, in itself, is quite active, but 
in respect to the fibre is passive. For all things in nature are 
relative, whence come measures, differences, degrees, and mo- 
ments. And because veins and arteries undergo this muta- 
tion by the mediation of the heart, so vessels and fibres un- 
dergo mutation by the mediation of the cortex. 

140. But as soon as the artery of the body enters the 
threshold of the brain, that is, into the cranium, it frees it- 
self from the empire of the heart and subjects itself to that of 
the brain; and hence it transcribes its active nature into a 
certain passive nature. By reason of this thd arterial vessel 
of the brain, again become like a vein, is rendered passive in 
respect to the fibre, which is most highly active. In Trans- 
action II., n. 12-23, it was shown that as soon as the carotid 
artery touches the threshold of the cranium and becomes 
the internal carotid, jt puts off its active and muscular tunic 
and superinduces a new tunic over that inmost one which it 
still retains. It was also shown that by angular flexures and re- 
peated gyres, both in the bc«ie itself and also below and above 
the clinoid processes, it frees itself from the empire of the heart 
to which it has hitherto been subject, and places itself under 
the will of the brain ; likewise also the vertebral artery, to say 
nothing of the veins and sinuses of the dura mater. Again, 
it was shown that it is the cortical and cineritious substance 
which is expanded and constricted, or is that from which the 
brain animates (Trans. II., n. 132) ; and that when these sub- 
stances are expanded, the whole mass of the brain with all 
its blood vessels and all its medulla is constricted, and vice 
versa, (ibid,, 141) ; and hence that the systole and diastole of 
the arteries, so called, of the brain, no longer depends on the 
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heart, but on the brain, that is, on its cortical substance. By 
reason of this the vessels of the brain are passive or obsequious 
to the cortical substances and their fibres wherein the active 
force of the kingdom principally resides. With what art this 
arrangement is prepared, will be seen sketched out in the 
following chapter. For the present, it is a constant rule of 
natiu'e that passive entities must be copulated with active in 
order that there may be a marriage, from which an offspring 
may be brought forth. 

141. The comparison which has been instituted, further 
teaches us, that as from the left ventricle of the heart a cavity 
is continued through the middle of the artery even to the last 
ends of its ramifications, so a little sinus or the minute chamber 
of the cortical spherule is continued through the middle of the 
fibre. This is evident in the heart, for its left ventricle is ex- 
tended into only one great artery, which is the parent of all the 
arteries of the body. As to a like ventricle, little sinus, or 
chamber in every single cortical substance, see Trans. II, n. 
124-128. 

142. So that every medullary fibre of the brain and nerve 
fibre of the body is pervious and transpirable, or is gifted with 
a cavity, that is to say, is a little canal, not unlike the arterial 
canal. It behoves us to dwell somewhat on these matters, for 
there are those who still deny the permeability of the fibres, — 
a denial which emanated from the peripatetic school. For the 
Philosopher,* in his work on Parts op Animals, Book II. 
Ch. IV, has stated that the fibres are solid and earthly ; and he 
thus seems to have so hardened these stems of our life and so 
stopped them up, that they cotild not be opened by Hippo- 
crates, who asserts that there is nothing in the animal body 
which is not perspirable and transpirable.t That a cavity and 
a fluid runs through the fibre as through the artery, is indeed 



♦By "the Philosopher" our the passage of breath or spirit, as 

author means Aristotle, whom he through a canal; and Transpirable 

frequently designates in this way. (passage across), meaning open 

tThcse words are used in their to the passage of the same ele- 

root meanings,— P^J^dfr/r (pas- ments, but through pores, 
sage through), meaning open to 
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hardly perceived by the senses, but is quite evidently perceived 
by the mind. Those who judge of such things merely from 
the senses, are rebuked by Plato in his The^tetus, in the fol- 
lowing remarks: "There are uninitiated persons who esteem 
that nothing exists except what they have grasped with their 
hands; but efficiencies of actions and the generations and 
origins of things, in fine,whatsoever does not come under their 
eyes, this, least of all, do they believe to be in the class of things 
that exist. Truly, such persons are exceeding gross and are 
strangers to the muses," pages 155, 156 in my copy [Stephens' 
edition, p. 155]. Aristotle himself also speaks likewise, say- 
ing: "Ignorance of our superiority and of other matters springs 
from the fact that we are impelled to learn from the senses 
alone, nor do we abstract our thought ; but, drawing our learn- 
ing from it, because we suppose ourselves to have experience 
of all things, therefore we are accustomed to say that there is 
nothing that does not come under the senses." {Divine Wisdom 
according^ to the Egyptians, Book XII, Ch. xx.) As to the 
cause of this ignorance, see in Trans. I, n. 623. But he who 
at this day, calls into question or gainsays the permeability of 
the fibres, he surely calls into question or gainsays experience 
enlightened by the microscope, that is to say, the evidence of 
sight. And therefore, that such a person may have faith in 
this truth, I am induced at this point to give a copious recital 
of the documents of experience. 

Willis treats of these matters in the following words : "The 
nerves themselves, as may be detected by means of the micro- 
scope, are furnished throughout their whole extent with pores 
and passages as with so many cavities thickly set in and 
mutually contiguous. Thus their syringe-like substance, like 
the Indian cane, is everjrwhere porous and pervious. Within 
these little spaces blandly spring forth animal spirits or cor- 
puscles extremely subtle and of their own nature ever prone 
to motion ; to which is adjoined an aqueous humor, itself con- 
sisting of extremely subtle parts, which serves both as a vehicle 
and also as a retainer. This nervous juice, derived from the 
cerebrum and cerebellum into the medullary appendix, is car- 
ried thence, by an ever bland flow, through the nerves into 
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the whole nerve family, and irrigates its entire system. On the 
equable emanation of this fluid depends the expansion of the 
animal spirits throughout the whole system. And the sub- 
stance of these spirits, yea, the hypostatic substance of the 
sensitive soul itself, is founded on the diffusion of this same 
humor." (n. 8.) 

Bartholin. *The use of the nerves is, that, like canals, they 
shall convey the animal faculty received with the animal spirit 
from the brain, to the sensory parts, as to the eyes, ears, etc ; 
to the motory parts, as to the muscles ; and to almost all parts 
that, in general, they may sensate and may recognize the things 
that bring them discomfort. The use of all the nerves is to^ 
carry animal spirit to all the parts, for the sake of sensation and f 
motion, as is evident from their injury. For when obstructed 
in their beginning — if the obstruction be total, both sensation 
and motion perish and apoplexy results, or if it be on one side 
there is privation of sensation and motion on the other side; 
if they be cut, the motion of the side into which they were in- 
serted is destroyed." (n. 12, 15.) 

ViEUSSENS. "The animal spirit runs through the nerve in 
many distinct and inexplicable ways, so that it accomplishes 
within it many distinct and inexplicable motidns, for the 
diverse ratio whereof diverse thoughts are excited in the 
soul." [n. 17.] 

Ridley. "I regard the fibre as being either an extension of 
some artery which by reason of its minuteness is rendered fit 
to contain only a liquid of this kind ;* or a tubulous production 
of the same kind of artery corresponding in the proportion • 
of its opening or pore to the figure and size of that fluid 
which nature intends it to receive. I hold that the fibre is in- 
capable of taking up any fluid whatsoever, which has not first 
been reduced into the most minute particles, a process which 
comes under the name of Leptometry. I should take these ulti- 
mate vessels to be nothing else than the numerous still further 
capillary productions of the cortical vessels; so that the red 
vessels, or vessels of the blood, cause them to be gifted with a 



♦Called by Ridley, the "animal fluid 
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pore of such kind as renders them fit to receive only that most 
subtle, fine, and mild liquor, which, I take it, is the true medul- 
lary and nervous juice," etc. (n. i8.) 

Malphigi. "Whether these fibrous bodies are hollow, or at 
any rate, whether, when gathered into a fascicle, they transmit 
a peculiar juice through the resultant little pores and interstices 
into the nerves continued therefrom, is a matter that would 
require long investigation. The extremity of the fibres of 
which the brain is made up seems to be no light argument in 
favor of the existence of a separate humor in the brain and 
which is propagated therefrom into the nerves. For in its last 
little heads or roots the fibre is immersed in the cortex through 
which are ramified an immense abundance of blood vessels. 
From these circumstances we have reason for thinking 
that, in its inmost structure, the cortex or the cineri- 
tious substance derives into the fibres a fluid which is 
expelled from the vessels." (n. 21.) "That nerve fibres of 
this kind are to be classed as vessels, seems to be indicated by 
the well known fact, to wit, that when they are cut, a copious 
juice flows out, resembling the white of egg and coagulable by 
fire, as I have observed in a dissected nerve of the arm." 
(n. 20.) "Although we find in the cerebnun a net-like inter- 
weaving of fibres, still the humor of these filaments is not to 
be carried down by external adhesions, [nor is it attenuated 
and purified from foreign substances by means of the folds], 
as is the case in sponges; for the whole work of separating 
and purifying is perfected in the inmost structure of the corti- 
cal glands ; and the humor which then issues from the glands, 
enters into the hollow and tubular fibres, and, by a continuous 
path, is sent off into the tmderlying parts for the performance 
of divers offices ; as is the case in the tubular stems of vege- 
tables, as intimated above," (iWd.), 

Leeuwenhoek, who was furnished with better glasses, fre- 
quently beheld the cavities themselves with still clearer sight 
and exhibited them to the view of others. "Not content with 
this observation, I endeavored, with what reason I could, to 
find out whether the Kttle parts which I have spoken of as 
being very fine and somewhat longish, are interiorly pervious 
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with hollow passages. At last, after some days, I distinctly 
recognized those passages or cavities with my own eyes, and 
this not once, but at least fifty times." (n. 26.) "In 
one respect I was unfortunate in this business, namely, in that 
I was unable to exhibit these cavities to the sight of others; 
for as soon as I moved them to my eyes for the purpose of ex- 
amination, in less than a minute they suddenly collapsed by 
drying out, so that the remarkable sight wholly vanished be- 
yond the possibility of being restored by any industry. Nor 
did I see merely the borders of these vessels, — vessels which 
seem to be gathered together to the ntunber of some hundreds 
in order to make up a single nerve, — but in some of them, I 
also recognized the cavities, and this as distinctly as though 
we had perforated a piece of paper in a number of places with 
a very fine needle." (n. 27.) He presents a delineation of the 
cavities themselves in Fig. I., to the description of which 
figure the reader is referred ; see, n. 29. "Nor can I add any- 
thing to what I have said above, (he continues), except that, 
because I was investigating the hollow passages of the vessels, 
I may have perceived them more dl early than before. [I 
showed through the microscope, the things described above to 
a certain man] and to my question. Did he not see the ex- 
tremely minute vessels, and the foramina or openings of the 
vessels, he answered, Yes, I saw them at first sight. I then 
told him that what he had seen was a minute portion of those 
open little vessels of which the nerve is contextured." (n. 
30.) "In the nerves of a calf, I found these passages not once 
only but many times, — ^a fact that gave me no little delight 

(n. 34)." 
BoERHAAVE closcs the array: "Whoever considers, i. the 

nature of the cortex as set forth above, and the fact that the 

medullary fibrils arise from it in the most distinct way ; 2. the 

similarity of this arrangement, with every other part of the 

body; 3. the vast abundance of the very finest, purest, and 

most mobile arterial blood, undespoiled of its subtlest part, 

that is driven hither with great force by the neighboring heart ; 

4. the exquisitely fine fluid always and ever)rwhere to be found 

by sight, touch, and especially by the microscope, within the 
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medullary substance when dissected, — a fluid which in diseases 
of the injured brain, is often greatly augmented; [5. the fact 
that the veins return to the heart the blood which has been 
brought to the venous sinuses by veins from the pia mater and 
the cortex of the cerebrtun and cerebellum] ; 6. the constant, 
ordered and proportioned increase, nourishment, propagation 
and return of these stamens from the first point of Ufe to the 
last goal of life, — such a one must judge these fibres to be 
^ pervious little channels of the utmost fineness, that take up 
a humor, the most subtle of all in the himian body, which, pre- 
pared and secreted in the wonderful fabric of the cortex and 
driven by force into these tubes, is collected from every point 
of the cortex into the medulla oblongata. If further, with at- 
tentive mind, one comprehends, i. that the whole vascular me- 
dulla is expended on the constitution of nerve fibrils, yea, goes 
off into such fibrils by mere continuous extension ; 2. that when 
the medulla of the cerebrum or cerebellum is compressed, cut, 
rotted, eaten away, every action accustomed to be done through 
the nerves arising therefrom, is at once abolished, even though 
the nerves continue unimpaired, and with membranes intact; 
3. that the nerves, everywhere lax, pendulous, curved, retro- 
gressive, oblique, yet execute motions and sensation with the 
oitmost promptitude; 4. that, nevertheless, when compressed 
by constriction, the nerves, even though unimpaired, lose 
every faculty of motion and sensation in the parts that lie be- 
tween the ligature and the last places to which those nerves 
are extended, their power between the point of ligature and 
the medulla of the cerebrum and cerebellum being unaffected, 
— ^he will most certainly conclude that the nerve fibrils assidu- 
ously receive the humor of the medulla, transmit it, and carry 
it down to every point of the whole body by the most distinct 
paths. Does it then seem wonderful to you that the eye can- 
not follow the presence and motion of this humor ; that liga- 
tures, wounds, punctures, suctions, air pumps, injections are 
of no avail to exhibit it before the eye ; that by no skill can the 
cavities of the nerves be laid before the keenness of its vision ? 
Truly, he who attempts such things with this intention, knows 
not the nature of these vessels and of the liquor itself. But 
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he who, on this account, denies the existence, in these little 
vessels, of cavities that flee the sight and elude the skill, is 
surely ignorant of the rationale of our body in its origin, 
progress, operations, and excretions ; and knows not the struct- 
ure of insects, nor g^ves heed to the phenomena which so mani- 
festly occur in plants. Therefore also gross is that error which 
recognizes the thickish lymph that trickles from the cut nerves 
of an ox's tail, as that humor, which we have just described." 
(n. 49-51, Trans. II., n. 95.) 

See now the common agreement of the anatomists of our 
age with Hippocrates, as against ancient and modern phil- 
osophers who hold the contrary opinion. 

148. In addition to experience, reason also dictates the 
same thing; for without a fluid in the fibres nothing whatever 
in the animate body could derive and carry on its origin, pro- 
gression, order, law, motor force, light, life and sensation; since 
a fibre without a fluid is a stem impotent of action. But let us 
take up these points one by one. As regards origin and pro- 
gression; this is evident frcrni the thorough examinations that 
have been made of the beginnings of chicks in eggs and of em- 
bryos in wombs. For the fluid of the white and of the yolk is 
brought, by insensible pathways and pores and through inter- 
mediate vesicles, towards the carina,* and from this into the 
purest stamens, which, flowing forth from the tender little 
brains, enter upon the work of successively constructing the 
fabric of the viscera. Unless the fibre then emerging were de- 
termined according to the force of its fluid and the impetus of 
nature, or in the direction whither its soul leads, nothing of or- 
ganic form, and no machine of such stupendous skill and genius, 
would ever be raised up. Compare the whole of Transaction 
L, chap, iii, on the Beginnings of the Chick in the Egg. 
[n. 241-315.] As regards order and law; for there would be 
no order and no law of order, unless there were a fluid capable 
of determination according to every force and mode of active 
nature. That fluids are the forces of nature, and that sub- 
stances declare their quality by the mode of their forces, sec 



♦The first stem of the chick or fortue. 
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Transaction II., n. 223. As r^[ards motor force, as in mus- 
cles, glands, vessels; for when the fibre is compressed, or 
emptied, or distended with useless humors, or exhausted and 
worn out by old age, or infected with a wasting disease, it so 
imdermines and demolishes the former strength of the mus- 
cles, that particular activities are turned into general, and there 
comes inability to exercise the several powers according to the 
decisions of the soul. As regards life and sensation; for if no 
such quantity of the animal fluid were reborn as, so to speak, 
is imbom ; that is to say, if the fount of the vital humors be- 
gins to dry up; then, with the collapse of the fibres, the or- 
gans of sensation grow dull, and the very life of the body en- 
ters, as it were, into the shades of evening, — as is indicated by 
the single changes of state in ourselves. Suppose now the 
fibres to be without fluid; tell me how they exist, how they 
subsist, how they are nourished, how they act, suffer, live, and 
feel ; or, tell me what animates the fibre, and what deprives it 
of animation. Is it not a fact that as far as the fibre is lacking 
in liquid, so far it loses its potency of action and sensation? not 
unlike as is the case in the umbilical and other vessels, which 
were formerly pervious to the blood, but becoming, in process 
of time, emptied of blood, are seen to take on the nature 
of ligaments and tendons. Let us therefore open up the fibres 
and consider it as established that they are little channels ; for 
thus shall we have a pathway, open and clear, to the causes 
and principles of things in the animal kingdom ; and we shall 
be assured that it is from the marriage of the fluid with its 
fibre, according to their established relation to each other, that 
we move, and sensate, and live. Add to this what is said in 
Transaction II., n. 165. 

144. Moreover, as the muscular surface of the heart is 
transmitted by continuity into the surface of the artery, so the 
surface of every part of the cortex is transmitted around its 
fibre. There is no doubt but that the muscular fibre of the 
heart is continued into the great artery,* and from this into 



♦The aorta. 
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all the small arteries or capillaries, yea, even into the little 
veins, so that it returns to the heart ; for otherwise, that is to 
say, in parts that are discontinuous, the systole and diastole of 
the heart and arteries, or of the whole arterial system, would 
cease. In addition to the muscular fibres, the superficial ves- 
sels also, otherwise called the coronary vessels, and, more- 
over, the cardiac nerves, are in part transmitted to the aorta. 
From the parallelism, a similar conclusion may be drawn in 
respect to the innumerable little hearts of the brain ; that is to 
say, their lines, or rather the fibrous shades which weave their 
surface, pass by continuity into the fibre itself, and form its 
little timic. See Trans. II., n. 1 14. The same is evident from 
the continuous action of the fibre from its beginning to its 
end ; for there is no continuous action in things discontinuous. 
146. From the above considerations come the following 
conclusions: As in every point of the artery there is a like- 
ness of the heart, so in every poini of the fibre there is a like- 
ness of the cortex. By a likeness of the heart and cortex be- 
ing in the arteries and fibres, I mean that they are as it were 
present in every point of them, although they themselves are 
not present individually, but only their force and power. It 
is not otherwise than is the case with a distant image in the 
eye, of which image only the likeness is present. In a similar 
way, the brain is said to be present in every point of the body. 
Without the presence of the heart in each point of the artery 
the latter would not beat almost simultaneously at the stroke 
of the heart ; nor would the muscle act at the nod of the ani- 
mus and at the first motion of the will ; nor would the brain 
sensate, almost in an instant, the least differences of touches 
in the organs. And, therefore, in the brain, that is, in the cor- 
tex, is a likeness of the things that are represented in the ex- 
ternal sensories; and in the muscles a likeness of the things 
that are perceived by the animus. Wherefore the formative 
force and substance, that is to say, the soul, is seen to have 
fashioned its body entirely after its own idea, or as a type of 
its own intuitions and representations ; confer Trans. I., chap, 
iii. The cause and truth of this theorem is a consequence from 
6 
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the preceeding theorem of this chj^ter, namely, that the artery 
is a continued heart, and the fibre a production of the cortex, 
or its elongated appendix, etc., n. 133, 134, 135, 144; see also 
Trans. I., n. 173-179, 182-186; Trans. II., n. 202. 

146. For from the origin of their motion or touch, both 
acttuite their enclosed little stream into] the things that follow. 
This is the continuous effect of the cause. For blood injected 
into the arteries flows to its exits, that is, into the veins, spon- 
taneously, even without the force of the heart Indeed, if you 
constrict, ptmcture, or pinch an artery, the moments of the 
friction or touch may be distinctly discerned in the succeeding 
branches ; and hence by the pressure of a plectrum* or of the 
finger on living arteries, we are able to produce an artificial 
pulse different from that of the heart The reason is, because 
the artery, from the origin of its motion or touch, actuates its 
fluent blood into the things that follow. Hence it is evident 
that the office of the heart is to inject the sanguineous wavelet 
into the aorta, and that the rest belongs to that artery itself 
and to the arteries, in whose every point there is a likeness of 
the heart. See Trans. I., n. 169-189. A similar thing obtains, 
but still more perfectly, in the fibres. Wherefore the forces of 
the muscles are excited not only by the determination of the 
cortex, but also by every touch and friction in the body. See 
Trans. I., n. 506, 507, 508, 561, 570, 574; Trans. II., n. 32, 33. 

147. As the artery, into whatsoever gyres it be Hexed and 
turned, yet drives its fluid even to the extremities; so the fibre, 
in whatsoever manner it be Hexed and turned. As regards the 
arterioles, these are flexed and reflexed according to every 
form of the corpuscle which they irrigate, — as in the glandular 
vesicles, the muscular fibres, the sanguineous vessels, and else- 
where ; for they are so easily drawn into gyres and spires that 
Leeuwenhoek has counted more than a hundred circuits in the 
space of a single finger nail. (Trans I., n. 125.) If it is the 



*A Plectrum is the stick used stick or other similar instrument, 

by the ancients to strike the perhaps technically called a 

chords of a musical instrument; "plectrum/' used to assist in the 

our author seems to refer to a compression of blood vessels. 
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muscular tunic that pushes the blood on, it matters not to the 
artery what kind of curves it makes; but it would be other- 
¥rise if wave propelled wave. Fibres are borne still more 
perfectly into similar gyres, as is plain to be seen in the brain 
and the body. In the brain, the fibre, hatched from its cortex, 
pants through a thousand windings to its crossroads, its little 
stations, and its goals. Thus, in the case of that abundant 
fibre which runs from the cortical circuit and from both cor- 
pora striata, towards the medullary centre, it is twice or thrice 
reflected upon the roof of the larger ventricles, and frequently 
retraces its path, so as to find and embrace, in the corpus cal- 
losum, its companions of the other hemisphere; thence it 
curves back towards the base of the fornix, in order that, when 
almost returned, it may cast itself upon the thalami of the 
optic nerves. There are fibres which, like a network of threads, 
twist themselves into a thousand angular flexures before they 
seek the fascicles wherein they may proceed in a straight di- 
rection. The fibres of the cerebellum arise from the peduncle 
quite obliquely, towards the annular protuberance on the one 
side and underneath the testes* on the other where they so 
consociate and interweave themselves with the fibres of the 
cerebrum, here running to meet them, that they may, not un- 
aptly, be compared with the spires and incisions in a stone mill- 
wheel (see the figures of Vieussens and Willis) ; and when 
both together have deeply immersed themselves, and in part 
have again emerged, they take a step backwards, and con- 
jointly stretch their way to the medulla of the spine, or to 
some little nerve. The like is the case in the medulla of the 
spine, where in addition to perpetual circuits of fibres, there 
are also fibres that ascend along the neck in a straight line to- 
wards the great foramen of the occiput, and thence are flexed 
back towards the eighth pairt of the nerves of the head, and 
by this way return to the pharynx and larynx or to the neck. 
In the body in like manner; for the fibre creeps around 
artery, motor fibre, vesicle, follicle, glandular and gangliform 
corpuscles and g^ins, like ivy, especially the sensory fibre 



♦The reference is to the testes fThe Par Vagum; see note to 
of the brain; seen n. 83, note. n. 117, above. 
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which, by sinuous plexuses and serpentine tortuosities, weaves 
papillary forms in the tongue, or other organic forms in the 
ear, the eye, and the cuticles. But why should I go through the 
fibres? such as those in the stomach, intestines, pancreas, 
spleen, liver, lungs, heart? In a word, it matters nothing 
whether the fibres be borne backwards or forwards, — provided 
only they be bent whither use commands ; for, despite all, their 
fluid, emitted from the cortex, passing through innumerable 
labyrinthine windings, nowhere set back, that is, nowhere de- 
layed by what it meets, hastens on, quicker than the flash of 
an eye, or than the will, to its ultimate organic goals, sensory 
or motory. Therefore since the fluid runs through the fibre 
and modifies it; and since, when the fluid acts, the tunic re- 
acts in the most perfect manner, and vice versa ; and since in 
every single point there is a likeness of the cortex ; it follows 
that this fluid runs through its canal spontaneously, howsoever 
the latter be flexed and reflexed. Indeed it will be demon- 
strated that the circular or spiral form of fluxion is more suit- 
able to the nature of fibres than the rectilinear, into which 
latter the fibre is not borne but forced, as when it is bound up 
in a nerve. 

148. As the artery drives its blood forward by a mode of 
undulation, whence arises the pulse; so the fibre drives its 
jSuent spirit by a species of superior undulation, or by modified- 
tion. That the circulation of the blood is carried on by a suc- 
cessive promotion of the undulation within an imperceptible 
moment of time, whence arises in every single part of the per- 
meated vessels that sensible elevation called the pulse, see 
Trans. I., n. 166-170, 179; and that this little wave, having 
received its first impulse from the heart, is afterwards pro- 
moted by the whole arterial system, ibid,, n. 173 ; that this is 
done still more rapidly in the fibres, ibid,, n. 176. Modification 
belongs principally to the auras and also to the animal fluids ; 
and it corresponds to the undulation seen on the surface of 
water. For sound comes to the ear by modification of the 
air, and an image [to the eye] by the modified ether. Thus 
modification signifies a mode of the transmission of a sound 
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or image from one distance to another. Such modification 
never exists without an origin or a principle of motion. But 
the doctrine of modifications is of such great extent and ex- 
cellence that it easily holds the first place in physics; for the 
quality of nature, yea, and of substance, declares itself by modi- 
fication. That the animal fluid emulates the modifications of 
the atmosphere, see Trans. II., n. 269, 290, 291. But to 
proceed : It is evident from the fabric of the arteries and that 
of the fibres which is compared to it, that both arteries and 
fibres are constructed after every form of the tmdulations and 
modifications of nature. 

149. Thus every wave expelled from the first starting 
point of motion is present, not actually but potentially, in 
Us latest goals. For such is the nature of modification ; in such 
way is the solar ray carried to the earth, an image to the eye, 
sound to the ear, a wave to the shore, — the wave being not the 
same as that which was first expelled but continuous there- 
with. 

160. As the blood running through the arteries is borne 
along in a steady stream and with increased celerity; so the 

^.^Mid. through its fibres. Concerning the arteries, see Trans. 
I., n. 174, 175, 176, 179. The same also follows from the fact 
that there is a likeness of the heart and cortex in every single 
point of the artery and fibre, and that there is a tunic which 
simultaneously actuates the little stream. If neither the tunic 
nor the inflexions of the vessel cause any delay (n. 147), it 
necessarily follows that the celerity of the motion increases, 
and not the reverse. If the mere force of the heart actuated 
the fluid, then the celerity would be the rather diminished ; and 
therefore many of the learned have fallen into this opinion, 
although all effects and phenomena dictate the contrary. This 
tmdulatory transmission of the blood may be compared with 
the rise or fall of bodies from one region into another that is 
cither lighter or heavier; that is to say, such todies in their 
ascent or descent continually increase the degrees of then- 
celerity in a duplicate ratio. 

161. As the tunic of the artery is formed to the nature of 
its blood; so the tunicle, or most delicate surface of the 
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Abre is formed to the nature of its fluid. That the tunic of the 
artery is most exactly accommodated to the nature or the force 
and mode of action of its artery, see Trans. I., n. 134, 135; 
and indeed so exactly that, given the blood or its nature, we 
may conclude as to the quahty of the timic, and, given the 
tunic, as to the quality of the blood ; for the fluid constructs 
its own tunic, as is evident from the first stamens of the em- 
bryo and chick. So also the fibre in respect to its fluid. But 
the nature of the fibre's tunic will come to be demonstrated 
below; and, therefore, I defer for the present any further 
treatment of the conformity and parallelism existing between 
the fibre and the artery. There is one thing, however, which, 
I think, should not be passed by in the present treatment, 
namely, that the tunicles of the fibres are of such great fineness, 
that they distinctly comprehend, carry down, and sensate the 
forces of purer nature, such as the modifications of the most 
subtle ether, or the distinctions between the lightest touches 
and the forms, harmonies, and disharmonies arising therefrom. 
If the tunicle on which the modifying forces impinge were 
not most exactly accommodated to the nature of its fluid, the 
organ woven of the fibrils would never actuate any sense, nor 
would an image exactly similar to that which is, as it were, 
present in the external sensory, be at the same moment re- 
presented in the cerebrum. Wherefore as soon as the apt form- 
ation of either [the fibre or its tunicle] b^;ins to be destroyed 
or obliterated, then distinctions of modes and the diflFerences 
between things begin to be confused, that is, sensations begin 
to grow dull. The nature of the change imdergone by arterial 
and venous vessels when, later on, they are permeated by a 
fluid of another kind, is clear from the umbilical vessels, the 
hepatic tube,* the arterial canal ,t the muscular tendon, and 



♦Our author, perhaps, refers fThe ductus arteriosus,- 

to the ductus venosus, a vessel short vessel in the foetal drcula- 

in the foetal circulation that car- tion that carries the venous blood 

ries (the placetntial (arterial) from the pulmonary artery to the 

blood from the portal vein to the aorta. After birth it becomes 

inferior vena cave. The ductus closed, and is called the arterial 

venosus becomes impervious ligament, 
three or four days after birth. 
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from other more minute vessels in the skin, the dura mater 
and elsewhere, — ^all of which then simulate filaments, cords, 
funicles, and muscular strings; in a word, canals of another 
origin, disposition and denomination. 

152. Thus the tunic and its enclosed Auid constitute one / 
vessel and act c^ a single cause. The containant and the con- 
tained taken together are what is here called a blcx>dvessel or 
fibre; for a vessel without blcxxl and a fibre without its con- 
tents of uttermost fluidity, is a mere membrane; while the 
blood without a tunic is a mere undetermined liquor. It is the 
continuous or coherent part of the artery and fibre, that is to 
say, it is the tunic, that is the highway for the determinations 
of the fluid from the interiors of the kingdom to its exteriors, 
and vice versa. 

168. Hence, as the circulation of the blood is carried on 
through the arteries by the active and reactive force of their 
muscular tunic; so the circulation of the purer fluid through 
the fibres by the active and reactive force of the enclosing 
tunicle. That the tunic acts upon the blood and the blood 
upon the tunic, or, that the one is passive when the other is 
active, may be seen amply confirmed in Trans. L, n. 182-186. 
The whole of medical science lies in the restoration to the 
blood of its action, and to the tunic of its reaction, that is, of 
its natural tension. So also in the fibres, to which we can be 
led by induction from the arteries by a mode of elevation to 
a superior power, as in analytical calculus. But for a deeper 
understanding of the subject, the fabric of the tunic itself 
must be expounded. 

164. As the artery, distended with its blood, is stretched 
lengthwise, and at the same time breadthwise; so the fibre 
traversed by its fluid. That the artery of the body is stretched 
out when dilated, see Trans. I., n. 228, 229. But it is different 
with the artery of the cerebrum, which changes its natural dis- 
position into a disposition mediate between the venous and 
arterial, ibid., n. 218. But to proceed: That impletion ex- 
pands the artery at the same time that it stretches it, is clear 
from the nerve when taken out and dried ; for it then contracts 
and shortens. Indeed a fibre, when cut, springs back, as it 
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were, to itself, and is twisted up; confer Trans. L, chap. vii, 
[n. 460-578] on the cardiac nerves, and Trans. II., n. 172-175. 
But that, in these respects, the fibre itself induces a similar 
nature on the arteries of the brain or palace of the body, that 
is to say, that it is shortened when filled, will be demonstrated 
below, 

155. As the artery flows from the heart into the motor 
fibres of the muscles; so the fibre flows from its cortex into 
the same motor fibres, but at unlike moments; whence arises 
action and reaction, and, from this, alternate and reciprocal 
motions. That the proximate efficient cause of muscular mo- 
tion is the fluid in the fibres and the blood in the arteries, 
which two mutually and alternately react on each other, see 
Trans. I., n. 504, 511. Moreover, every tyro knows that into 
each muscular fibre flows a fibre from the cerebrum, using 
the term in a broad sense, and an artery from the heart; and 
also that when the artery or fibre is injured, compressed, 
emptied, or cut off, the muscular action ceases; and that the 
animation of the cerebrum coincides with the motion of 
the heart, not in adults, but in the embryo, Trans. I., chap, iii, 
[n. 241-315]. For the rest, see our Transaction on the Mus- 
cles.* 

156. As in the arteries resides strength; so in the fibres re- 
sides the force of forces and the life of the body. Concerning 
the arteries, see Trans. I., n. 231-233. But that in the fibres 
resides an active force, or, in the simple fibres a force of forces, 



♦No Transaction on the Mus- 
cles was ever published by Swe- 
denborg. But among his manu- 
scripts are two which deal with 
this subject. The first, consist- 
ing of 22 quarto pages, is entitled 
**8. On the Muscles in General," 
and consists of extracts from 
Boerhaave, Willis, Vieussens, and 
Winslow (3 Documents. 866). The 
other, which consists of 13 folio 
pages, is clearly Swedenborg's 
Induction. It deals with the 



muscles of the face; the affec- 
tions of the animus as effigied in 
the countenance; and the mus- 
cles of the neck and abdomen. 
(3 Doc. 942, VI. Phot: MSS. 13 
seq.) These two manuscripts are 
probably the draft of a portion of 
the proposed treatise on tiie Mus- 
cles, which was to have formed 
one of the "Transactions" of the 
Economy op thb Animal King- 
dom. 
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is sufficiently comprehended from their origin, field of action, 
and effect. The origin is in the brains, whence, as from a com- 
mon fount, flow forth all the forceg or actions of the muscles ; 
and this by way of the fibres, which are so many highways of 
determinations. The field or extension of action is into the 
whole body ; for where there is no fibre, there is no active force 
and sensation, but instead, something dissociated from the sen- 
sitive and voluntary life of the brain. For superiors flow into 
inferiors, and vice versa, according to the mode in which the 
substances are formed, and in which, by connection, they com- 
municate with each other. Trans. I., n. 622. The effects 
are sensations and actions, or are all those phenomena of the 
kingdom produced by the fibres together with the arteries; 
for, in the whole system, there is nothing but fibre and vessel, 
the determinations of these being the forms that constitute the 
entire animal machine. But to proceed : In order for the ex- 
istence of strength there must be efficient forces of streng^. 
Hence, if there be strength in the arteries, the fibre must be 
the efficient or producing force. This is apparent from the 
fact that the fibre inflows into the tunic of the artery, and the 
fluid of the fibre into its blood. Therefore, in familiar speech, 
we are accustomed to attribute the force and strength of the 
body to the nerves. From these considerations it is sufficiently 
evident why the arteries only, and not, like elsewhere, their 
accompanying veins, ascend from the kingdom of the body 
into its palace or cerebrum, and there, by means of the cortex, 
transcribe their life, now at the end of its course, into the 
fibres; namely, in order that streng^ may be added to the 
brains, force to the imagination and hence to the genius, and 
a facility capable of determination to the will. 

167. In a word, as the artery is continually striving to con- 
strict itself, or to contract to its least diameter; so also the 
fibre. That the artery loves to stay and rest in the least 
diameter of its contraction, see Trans. I., n. 178, and the ex- 
periments there adduced. For experiment has shown that 
the muscular tunic of every artery presses upon the enclosed 
blood, whence arises a general equilibrium of the press- 
ure of the arteries; on which subject, see Trans. I., n. 
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178, seq.; and a wave sent from the heart into the artery, 
wheresoever it be, is urged to its exits, that is, into the veins. 
Nor can it be doubted that the tunicle of the fibre also en- 
deavors after the same thing. For when hurt by the least 
friction, it straightway wrinkles up, contracts, and quivers; 
and when cut, it betakes itself to its spire, twists up, and closes. 
But the fluid, emitted and injected alternately by the heart 
and the cortex, holds both expanses. 

158. Thus the artery and fibre are continually balanced be- 
tween a state of the highest constriction and of the highest 
expansion, that is, between death and life. Constriction is the 
death, and expansion the life, of both artery and fibre. For in 
the dead, they are emptied, closed, contracted. So likewise in 
fear, which is a likeness and simulation of death, since death 
then stalks before the eyes ; for the blood then rushes headlong 
from the arteries into the veins ; hence the muscles loosen, the 
joints fail, and the mind is arrested as though half extinct ; all 
of which effects result from the constriction of the artery and 
fibre, or from the cessation of circulation. In the midst of these 
dangers life does not return to the body unless both vessels 
be again raised up, and the circulation renewed; for, in the 
animate body, which lives by motion and is moved by life, 
there is nothing excepting the artery and the fibre. Therefore 
we die by nature, because, of itself, the artery is continually 
striving to constrict itself, or to contract to its least diameter, 
n. 157; but we do not thus live by nature, because the artery 
and fibre are forced to expansion contrary to their own na- 
ture, and this by means of life or the soul, which is the su- 
perior force. Or, what comes to the same thing, in that we 
are body and matter, we die ; but in that we are soul, we live ; 
for nature regarded in herself is dead, and merely serves life 
as an instnmiental cause. Trans. II., n. 231-237. And hence, 
because the artery and fibre are alternately ccmipressed and 
expanded, it follows that there is in us a continual combat be- 
tween death and life ; or, that death, by incessant assaults chal- 
lenges life, and life by incessant victories subdues death, until 
finally, in that we are natural, we lie down in death, but, in 
that we are spiritual, we are restored to life. Thus, when we 
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have paid the debts of nature, we conquer even when con- 
quered. 

169. Therefore, by the animations of the brain, the res- 
pirations of the lungs, the systoles and diastoles of the heart, 
and the circulations thence arising, there is a continual re- 
newed of life. And therefore, as soon as the motion of the 
brain, lungs or heart ceases, the circulation of the fluid in the 
fibres and of the blood in the vessels also ceases ; and when 
the circulation ceases, the life of the body ceases. This life, 
which is believed to be continuous, is punctuated with perpetual 
threats, and, as it were, alternate times of death; for every 
systole is the threat of death, and every diastole the announce- 
ment of life. These changes or moments are parts of the gen- 
eral life; and hence it is evident what lot awaits our life; 
namely, that our waning years must needs continually sink 
down by a declining path ; or, that the parts involve their gen- 
eral in the same fortunes to which themselves are subject. 
But to resume: Since our life is interrupted with so infinite 
a number of deaths, it cannot but be clear that that deserves 
to be called death rather than life, which is the cause of the 
dai4cness of our mind ; a mind which then only lives when it 
is raised up from nature, — that is, from the world aiid its 
blandishments, and the body and its allurements, all of which 
are of themselves dead, — to God, who is the one only life and 
the sum of life. 

160. But between the arteries and the fibres there is a dif- 
ference of velocity and perfection, or of moments and degrees, 
according to the laws of the doctrine of order. The tenets and 
laws of the doctrine of order may be seen in Trans. I., chap- 
ter viii., [n. 633-652], especially n. 648. For there is such 
a co-established harmony of all things in the same series, that 
tiiey mutually correspond to each other, with a difference 
merely of perfection according to degrees. Wherefore in- 
feriors regard superiors as their analogues and eminences; 
and so also the arteries, the fibres, {ibid., n. 626). The more 
simple substances also are prior and posterior, remote and 
proximate, and, among themselves, like efficient causes and 
effects. Those which are prior are also more universal, and in 
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their every quality, more perfect than those which are pos- 
terior, (ibid., n. 613-617). And, such as are the substances, 
such also are their essences, attributes, accidents, and qualities, 
or all their adjuncts, (ibid., n. 618-621). 

161. The ratio of the conformity of the artery and the 
fibre, is gathered from the conformity of the fluids contained 
in them; for through the artery runs the red blood with its 
accompanying serum, and through th^^Kbre^ the purer essence 

I of the blood, or the animal Auid; which two mutually corre- 
spond to each other. On the correspondence of these animal 
fluids, see the explanation in Trans. II., n. 222, and the pas- 
sages cited at the end thereof. In the meantime, if the fluids 
mutually correspond to each other; and if the tunics are so 
conformed to the nature of their fluid that the two together 
constitute one vessel and act as one cause, (sup., n. 151, 152), 
it follows that it is from this circumstance we are to seek the 
ratio of conformity and analogy. 

162. But they differ in the following particulars, namely: 
that to all the arteries is prefixed one great heart; but to each 
and every fibre so many little hearts. This is confirmed by 
microscopical examination ; for from every single gland of the 
cortex a fibre is put forth, so that there are as many fibres as 
there are cortical parts. This is the reason why there is so 
great a luxuriance of the cortical parts, that they may be 
numbered by myriads. Also that the arteries are continually 
ramified, but not so the fibres. For fibres are girt about with 
a tunic of the most simple nature^ or with a most delicate 
sheath, on which account they no longer suffer themselves to 
be split up into branches, — ^it being only nerves, or fascicles of 
fibres that are thus split up. This also is the reason why so 
minute a heart or head is set over the fibres, while over the 
arteries of the body is set a great heart, in order, namely, that 
it may be equal and adequate to every ramification, that is, to 
the sanguineous system. 

168. Moreover, that in its extremity, the artery goes off 
into a vein; but not in the same way, the fibre. That iht 
artery finally passes over into the vein, is evident ; it is not so 
evident, however, that the fibre does likewise. But from the 
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comparison instituted above between the nature of the vessel 
and that of the fibre, we conclude that the vessel flowing into 
the spherule of the cortex, is a vein relatively to the fibre ; for 
as the vein flows into the heart, so this vessel flows into the cor- 
tex, wherein it is united with the fibre in a manner hardly dif- 
ferent from that in which the vein is united with the artery in 
the heart. And therefore our statement, that the fibre does 
not pass into a vein in the same manner as the artery. How 
it does pass, here is not the place to say ; still I might declare 
the matter in a few words and obscurely : A deep examination 
into the determination of the fibre makes it evident that the 
fibre constructs the arteries, and that the arterial thread thus 
constructed is infinitely expanded in the body into a glandular 
form, — a form not unlike the cortical, — a vesicle or a spher- 
ule, from whence is put forth a little duct or corporeal fibre 
that returns to the cortex by way of the inmost tunic of the 
artery. In this way the fibre is seen to go off into a kind of 
corresponding vein. But of these matters we shall treat be- 
low, when we take up the corporeal fibre. And finally, that 
the circulation of the blood through the arteries is distin- 
guished by the pulse; but not so the circulation of the fluid 
through the fibres. And this because of the reasons adduced 
above, n. 148, 150, 160; that is to say, because of the imper- 
ceptible moments of velocity obtaining in the fibres. 

164. From this comparison we may be allowed to judge 
concerning the use of the vessel and the use of the fibre in 
the brains; that is to say, because the vessel, in respect to the 
fibre, is of a passive nature, and the fibre, in respect to the 
vessel, is active, (see above, n. 139-140), ^Aa^ therefore every 
compound part of the cerebrum, small and large, is made up 
of fibres, that is, of active parts, and at the same time of ves- 
sels, that is, of reactive or passive parts. These two prin- 
ciples of nature, the one active, and the other passive, must 
be within every single compound ; for what would active force 
do and effect, and whither would it be determined, if there 
were not something to resist and suffer? On the other hand, 
what would the passive and inert be, if not an instrument 
which might be used, and upon which, as upon its object. 
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active force might spend itself? Active forces, therefore, 
taken by themselves, and passive forces taken by themselves, 
produce nothing whatever, nor do they mutually coalesce. 
Therefore, wherever there is a compound, there must be with- 
in it those two principles, which are here represented sub- 
stantially by fibres and vessels. That we may know what 
passive force is, or the force of inertia, — ^this is evident from 
the definition given in Wolff's Cosmology, namely, that it is 
the principle of resistance to motion in bodies, § 130 ; and that 
the force of inertia resists every mutation, § 132; for the 
definition of active, primitive, living or derivative, and motive 
force, consult the same author. By passive here is not meant 
that which is wholly inert, or which, of itself, becomes ab- 
solutely quiescent; but that which is relatively less active, 
and which to other and more passive entities, may be quite 
active; as, for instance, the veins of the body in respect to 
their arteries, and, in the present case, the vessels, in respect 
to their fibres ; or, to use an analogous example, as a consort 
in respect to her husband. For reaction is likewise action, 
although they are opposed. That no compound or oflfspring 
which is a substance by itself exists without these two natures 
rightly consociated with each other, is clearly enough evident 
from the members and parts of the animal body, such as the 
brain, heart, lungs, stomach, muscles, glands, arteries. 

165. And thus that the vessels constitute the surface of 
the compound part, while the fibres constitute its body. For 
these forces are usually so consociated, that the active reside 
in the center, and the passive, resistant, reactive, obsequious, 
or more or less inert, are rejected to the peripheries. Indeed, 
very frequently they are in such order of succession, that the 
activity of the center gradually decreases towards the peri- 
pheries. But let us be enlightened by examples: The cere- 
brum stores up interiorly in its hemispheres, its most active 
parts or its very forces substantiated, if I may so speak ; that is 
to say, the cortical glands and the fibres. These it covers over 
and endoses first with a delicate mater [the pia mater], then 
with a hard [the dura mater], and finally with the inactive 
cranium. Nor can it be doubted but that each single part of 
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the cortex, and each plexus, and also each fascicle of fibres, 
and each nerve, is coherent in the same manner, for each one 
of them is girt about with its own membranes. In the nerves, 
fibres constitute the axis and vessels the membrane. So also 
in the heart, where the veins are rejected to the surface ; that 
the coronary vessels are all veins, see Trans. I., n. 421, 422, 
459. In the arteries and veins, likewise, in which, as was 
shown above [n. 139, 140, 153], there is action and reaction, 
or an active force and a passive- So also in the lungs, 
which are coerced by the pleura and ribs; and, moreover, in 
the stomach, pancreas, liver, spleen, and the rest of the vis- 
cera; and still more plainly in the glands and muscles, for 
these are enfolded in a manifold series of membranes. 

166. Hence arises a natural tempering and a limited ex- 
tension of forces; and a series is born, wherein the centre is 
regarded by every point of the surface, and the surface by 
the centre, — a series which limits the inseated forces to within 
a determined sphere of activity, and sustains, coerces, weighs 
and governs them. That this is not mere reasonii^ or 
vain conjecture, is confirmed by experience. For in the 
cerebrtmi the vessels everywhere form a membrane, according 
to the testimony of those clear sighted anatomists, Malpighi 
and Leeuwenhoek. The same is also plainly visible in the 
fascicles of fibres that emerge from the medullary stem; for 
interiorly these fibres are bound together, and exteriorly they 
are girt about by the pia mater and afterwards by the dura 
mater. It is likewise visible in the arteries, and also in the 
fibres; these being interiorly permeated by fluids, which are 
the forces of nature in form, and exteriorly coerced by tunics. 

167. In this way, vessels are present everywhere in the me- 
duUa of the cerebrum; from which it follows that wherever a 
fibre or active force is lacking or begins to be lacking, there 
the vessels raise up a new cortex or cineritious substance (from 
which spring forth new fibres or new forces), according to 
every ratio of composition in the beginnings of the nerves, and 
according to the use in their extremities. This now, is the reason 
why active substances, such as the cortical substances and the 
fibres, arc so abundant in the brains that they must be num- 
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bered by the myriad; and likewise the vessels, which are in- 
finitely ramified; and also why the cineritious parts abound, 
not only in the circuit of the cerebrum, but also in its interior 
medulla and in the corpora striata. That these cineritious 
parts are raised up anew, branch out and are perfected, yea, 
that they die away and are abolished, is testified to by a 
thorough examination of the brains of the dead. In puppies, 
according to Willis, these substances hardly as yet appear; 
and in brains worn out, and also in those which have been 
weakened by venery they are seen to disappear. But to con- 
tinue: The very necessity of the offices and use in the ex- 
tremes demands that the cerebrum here hatch out new forces 
and there obliterate the old as useless. But to describe all 
these changes in animal kingdoms is to descend from uni- 
versals to special and particular points, and to spread out from 
anatomy to the pathological phenomena of the body and 
animus. 



CHAPTER IX. 

VESSELS OF A MIDDLE NATURE, THEIR ORIGIN, NATURE AND 
FUNCTION IN THE BRAIN ; AND CORPOREAL FIBRES. 

167a. Vessels of a middle nature are those stamens of 
which the tunics of the cerebral arteries consist, and of which 
the pia mater is contextured. For when released from their 
membranes, they are of the utmost delicacy, and appear like 
fibres. But because they are not fibres, nor vessels such as we 
have hitherto treated of, but are of another origin, nature and 
function, therefore we call them vessels emulous of the fibre. 
These vascular, or, if you prefer the word fibrous stamens, 
are those stamens taken from the tunics of the arteries, which 
produce, restore, and irrigate the cortical glands, that is, the 
whole cineritious substance of the cerebrum, cerebellum and 
both medullas. For the cortical glands hang from the sides 
and tunic of their parent arteries, from which they frondesce, 
no otherwise than (W grapes and berries around the tender 
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Stems and twigs of a tree; and they spring forth and become 
fruit, not from the woody and medullary portion, but from 
the cortical portion, or from the inner bark. 

When the cortical glands have been thus germinated, purest 
stamens of a like nature, drawn from the pia mater, superadd 
themselves, forming and weaving the most tender meninx of 
the cortical glands. For thus the universal enters into and 
determines every singular, and a common animus rules in the 
least particulars of the cerebrum; like as in other compounds, 
such as the glands, ganglia, nerves and muscles of the body, 
wherein the engirding membrane gives off shoots, which in- 
vest the enclosed parts and at the same time connect them. 
These stamens or vessels, emulous of the fibres, rush forth, 
fascicle-zvise, from the tunic of one artery and inflow into 
the tunic of another or neighboring artery; and this so com^ 
pactly that they form a species of membrane wherewith they 
connect artery with artery and join them together. To these 
stamens, fibrils detached from the interior layer of the pia 
mater, seem to add themselves at a perpendicular, and to- 
gether with the transverse fibres of the tunics, to weave an 
entire membranous web. 

In this way, these vessels emulous of the fibre, firmly hold, 
not only the larger vessels and their offshoots, but also the 
cortical glands which depend on the vessels, and the fibres 
which depend on their glands, in a suitable situation, dis-r 
tance, connection, order, law, form, mutual regard and de- 
termination, and in the stream of the general and particular 
motion; and this, howsoever the cerebrum is expanded or con- 
stricted, howsoever it bears itself, is tumultous, agitated or 
smitten; thai is to say, whatsoever the action of the sense, the 
animus, and the will. And thus preserve, whole and per- 
petual, the permeability, circulation, and life of the single 
parts. 

Fascicles of such fibres, stretched out between the tunics of 
the arteries on both sides, emulate the motor fibres of the 
muscles of the body. And like binding and combining cords, 
they not only connect the arteries in respect to their tunics, 
but also so extrinsically dispose them, that they perform and 

7 
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keep up their systole and diastole in the most obsequious 
manner, according to the every nod of the cerebrum. 

And, at the same time, they hold their alternate expansions 
and constrictions within stated limits, (not unlike the chordce 
Willisicmce in the interior of the falciform sinus), and govern 
them, and, as it were, poise them on the beam of a pair of 
scales; for they react and draw back just so far as the forces 
of the cerebrum and the blood enclosed in the arteries acts 
and produces tension. Hence arises action and reaction, and 
as many restorations of the state as there are changes. The 
fibres thus colligating the cerebral blood vessels also provide 
that the vascular or fibrous stamens of which the arterial 
iunics are woven, be never devoid of their due abundance of 
perfluent humor. For, by means of these fibres, any portion 
of the fluid found in the tunic of one vessel, or in the stamen 
^f one tunic, is communicated to all the others, wheresoever 
they may carry on their action. Thus there is not the smallest 
hair-like vessel the filament of whose tunic cannot demand 
from the public what it needs, and call that common property, 
yea, proper to itself and its very own, which the neighboring 
and even the more remote vessels possess and carry. This is 
of the greatest importance to the cortical glands which, origi- 
nating from these little stamens, draw out and suck from them 
their essence and purer juices. 

Moreover these vessels emulous of the fibres forming a 
species of continuous membrane between the tunics of the 
cerebral arteries, are like uninterrupted paths and little bridges 
flung across, whereby there is a connection and continuation 
of the one with the. other. Hence it follows that the senses 
tions, modes and degrees of each single organ, as soon as they 
are immersed in the medullary lake of the cerebrum, spread 
themselves out to every point of the vessel, meninx, cortex, 
and fibre; and thus present to the most simple little brains, 
that is, to the internal sensoriola or the cortical spherules, a 
representation of the image that has been impressed on the ex- 
ternal organ, and by the nerves, has been poured forth into the 
medullary field of the cerebrum, and this in a type and idea 
similar to that in which it had been received. 
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168, Vessels of a middle nature are those stamens of which 
the tunics of the cerebral arteries consist, and of which the 
pia mater is contextured. The cerebral vessels of which we 
have just treated, however much, after entering the cerebnun, 
they may have transcribed their arterial nature into a nature 
similar to the venous, that is, into a passive nature (n. 138-140), 
I yet wish, in the following pages, to call arteries, and this for 
the reason that they are continuations of the arteries of the 
body ; and, in anatomical matters, it is very desirable that there 
be no rash departure from a usage of speech, or from a term 
that has been once introduced and received, however unsuitable 
the term may be. That these stamens are not vessels, is evident 
from the fact that they constitute and contexture tunics which 
are extended continuously with the vessels and their branches ; 
for a branch, pierced by a cavity, cannot finally become a sta- 
men, unless it be reflected back over an artery. Nor are the 
stamens fibres, since fibres spring forth from their cortical 
glands, from which they are drawn out as appendices. These 
stamens of the tunics are closely cognate and homogeneous 
with the stamens of the pia mater; and that the latter are 
of a similar origin and nature, will come to be demonstrated 
below in the Transaction on the Pia Mater.* 

169. For when released from their membranes, they are 
of the utmost delicacy, and appear like fibres. On this account, 
Leeuwenhoek, who was the first discoverer of these vessels, 
styles them fibrils of the cerebrum. How ineffable is their 
abundance and fineness is frequently mentioned and reckoned 
tip by this author in his observations. And because they in- 
termingle with genuine fibres and genuine vessels, they cannot 
readily be distinguished from either. Nevertheless, we may 



*A Transaction on the Pia 
Mater was intended by Sweden- 
borg as part of his Economy op 
THE Animal Kingdom series; 
but no Transaction or chapter on 
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present work. In a large manu- 
script on the Brain, however, one 
chapter is devoted to the pia mater ; 
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To this work, therefore, n. 410- 
419 h, and particularly, n. 419 e, 
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still follow them up and discern them as disclosed by the eye 
of the mind. 

170. BiU because they are not fibres, nor vessels such as 
we have hitherto treated of, but are of another origin, nature 
and function, therefore we call them vessels emulous of the 
fibre. Of their origin, nature, and fimction, we shall treat in 
what follows. But before we proceed, it is necessary to ac- 
quire a clear idea concerning vessels of this nature from Fig. 
9, and the description thereof, n. 37, 129; otherwise, I must 
needs speak things obscure and but little understood ; not un- 
like those who talk Greek to persons who do not understand 
Greek, and yet the same matters are set forth clearly enough 
in that language, — ^but to those who understand it. 

171. These vascular, or if you prefer the word, fibrous 
stamens, are those stamens, taken from the tunics of the 
arteries, which produce, restore, and irrigate the cortical 
glands, that is, the whole cineritious substance of the cerebrum, 
cerebellum and both medidlas. From Transaction 11., in the 
chapter on the Cineritious Substance of the Brain [n. 69-207], 
it is, I think, sufficiently well established that this substance is 
the principal substance of the animal kingdom. There can be 
no doubt but that the cortical substance is so connected with 
the vessels of the cerebrum that one might naturally believe its 
glands to arise from these vessels, — as, indeed, is asserted 
by the most experienced anatomical investigators, such as Mal- 
pighi [n. 21] and others. One point, however, must be called 
into question, namely, whether or not the cortical glands 
are terminations of the arteries. That is to say. Do the 
arterioles in their extremities end in a gland, wherefrom 
is bom a continuation which is a fibre? Or does the arter- 
ial vessel, while continuing on its path, produce such oflf- 
spring from its tunic, and yet itself go on further as an 
artery? The analogous example of plants or fruits gives us 
reason to conclude, that, probably, the above mentioned glands 
do not frondesce from the arterioles direct, but that they do 
this from the tunic or membranous part of the vessel. In 
plants and trees, or in the vegetable kingdom, it is quite clear 
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Aat the first germs or buds of fruits blossom, not from the 
wood, but from the soft bark of the twig, as is plainly seen in 
grapes, berries, mulberries, strawberries, cornel cherries, and 
other vegetable offspring. The same is still further confirmed 
in the case of broken and fallen trees, which still give forth 
vernal flowers and fruits, even when only the bark remains. 
Not unlike these, may be the fruits in the animal kingdom, that 
is to say, the cortical spherules which are the last offspring of 
the sanguineous vessels and the first of the fibres. This is 
taught by comparison; for in these and similar matters we 
may be allowed to compare the animal kingdom with the 
v^etable. The shoots or branches of trees correspond to the 
arteries of the cerebnun; the bark of the shoots or branches 
to the tunics of the arteries; and the fruit or berry to the 
cortical substance itself, which is the last production of the 
artery. Thus from the analogous example of plants, we may 
be allowed the deduction that the cortical substances, or the 
offspring fruit of the arteries, do not spring from the vessels 
direct, but from their tunics. The same may be confirmed 
also from a comparison of the heart with the cortical sub- 
stances which are so many simpler and more perfect little 
hearts, n. 135- For the heart of the body does indeed depend 
on its vena cavas, the ascending and descending ; but both these 
veins swell out and coalesce into one great sinus, called the 
right auricle; from this auricle, or swollen venous sinus, the 
heart itself comes forth, like an appendix. From this com- 
parison it follows that the vessel, when it goes off into a corti- 
cal gland, likewise begins to swell, and that it draws from the 
matter of its tunic a substance, which constitutes the very body 
of the cortical gland, a substance, however, that is more simple 
and perfect in the cortex than in the heart of the body; and 
hence that the tunic, or the matter of the tunic, goes off into 
the matter of the cortex, in a manner scarcely unlike to that 
in which the muscular substance of both vena cavas and of the 
auricle goes off into the body of the heart. Add to this the 
confirmation arising from the fact that the arterial vessel of 
tiie cerebrum is never seen terminating in a cortical gland, but 
as continuing its way, and, in the meantime, giving rise to 
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many such gland's at its sides, like the little braDcfaes of a tree 
give rise to the fiowers of fruits. The same thing, more- 
over, is further confirmed by the rules of the doctrine of Order 
and Degrees ;* for ascent to a superior degree and potency is 
made, not by ramification, but by means of vessds of a middle 
nature which are already elevated to a higfaer potency. But I 
confess, that here we are not able to bring forward ocolar ex- 
perience as a sign of confirmation. For, since eren the rami- 
fications of the arteries cannot be followed by the microscope, 
how then shall the stamens springing from the arterial tunics? 
Still we may be allowed to await the fovorable assent of ex- 
perience, and in the meantime, it behoves me to formulate 
reasons from analogy and comparison; which, however, al- 
though they persuade us, yet cannot but zppeas under the garb 
of conjecture. But in the meantime, from tiiese as principles, 
we have drawn a series of consequences, on whidi, if they en- 
tirely agree with all the proofs of experience, I ou^^t certainly 
to proceed, being sure of the truth of the principles. For if 
causes are confirmed by all the effects, and this without ex- 
ception, I know not but that the cause should stand firm and 
entire, and be the verimost cause to be predicated of the ef- 
fects. Therefore comes the sequence : For the cortical glands 
hang from the sides and tunic of their parent arteries, from 
which they frondesce, no otherwise than as grapes and berries 
around the tender stems and twigs of a tree; and they spring 
forth and become fruit, not from the woody and medullary 
portion, but from the cortical portion, or from the inner bark. 
172. When the cortical glands have been thus germinated, 
purest stamens of a like nature, drawn from the pia mater, 
superadd themselves, forming and weaving the most tender 
meninx of the cortical glands. That the cortical glands are 
girt about with a most delicate meninx, there is no room for 
doubt ; for, in lesser type, they are not only little glands and 
hearts, but also little brains, see Trans. II., n. 191-196. Add 
to this, that whatever enjoys any active force must also be 
furnished with a limit or tunic which shall terminate the forces ; 
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otherwise it would not be confined. And that this most deli- 
cate meninx, or finest pia mater, which overlays each single 
cortical gland, is derived by continuity from the common 
membrane of the cerebrum called the pia mater, we are per- 
suaded both a priori and a posteriori, A priori: Because thus, 
and in no other way is there a connection of all the particulars 
with each other mutually, and with the general. A posteriori: 
Because the meninx insinuates itself in the single folds and 
winding fissures of the cerebrum, and covers each one as it 
covers the cerebnun itself. This is confirmed by such clear- 
sighted investigators of the brain as Pacchioni, Willis, 
Leeuwenhoek, Ruysch, and others. It is equally confirmed 
by the nerves also, which are the particular productions and 
appendices of the medullary portion of the cerebrum and cere- 
bellum ; for the nerves, girt about with the same meninx from 
the inner fold or membrane of the tunic, detach and send 
down fine stamens which not only bind together the fascicles 
and the enclosed fibres, but also invest the single fibres. Like- 
wise also by the glands, ganglia, and muscles of the body ; for 
these are severally girt about with a manifold tunic, and, 
from the interior surface of the membrane nearest attached 
to them they draw forth stamens, yea, a web of stamens, 
which twines about the enclosed parts and reduces them to 
a common conatus. For thus the universal enters into and 
determines every singular, and a common animus rules in the 
least particulars of the cerebrum; like as in other compounds, 
such as the glands, ganglia, nerves and muscles of the body, 
wherein the engirding membrane gives off shoots, which in- 
vest the enclosed parts and at the same time connect them. 
This rule follows from truly philosophical principles, which 
dictate that genera enter into species and species into particu- 
lars; that is to say, that universals enter into singulars or 
superiors into inferiors. That the genera and species of com- 
pounds are determined by the quality of the parts and by the 
mode in which those parts are inter-connected, see Wolflf in 
his Ontology, § 539; and for the definition of genus and 
species, see ibid., S 533-534. That the vessels or fibres of the 
pia mater are cognate or homogeneous with the vessels or 
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fibres of the tunic of the arteries, will be seen demonstrated in 
the Transaction on the Pia Mater.* 

178. These stamens, or vessels emulous of the fibres, rush 
iorth, fascicle-wise, from the tunic of one artery and inflow 
into the tunic of another or neighboring artery; and this so 
compactly thai they form a species of membrane wherewith 
they connect artery with artery and join them together. Elx- 
amine merely Fig. 8 [n. 37], where FG, EH, DI, CK and BA 
designate arteries, while the intervening parallel stamens are 
the vessels or fibres of which we are now treating. 

174. To these stamens, fibrils detached from the interior 
layer of the pia mater, seem to add themselves at a perpen- 
dicular, and, together with the transverse fibres of the tunics, 
to weave an entire membranous web. And this for the same 
reason as that treated of above, n. 171. Leeuwenhoek him- 
self also makes mention of transverse fibres, and these cannot 
flow from the pia meninx except at a perpendicular. 

176. In this way, these vessels emulous of the fibre, firmly 
hold, not only the larger vessels and their offshoots, but also 
the cortical glands which depend on the vessels, and the fibres 
which depend on their glands, in a suitable situation, distance, 
connection, order, law, form, mutual regard, and determina- 
tion, and in the stream of the general and particular motion; 
and this, howsoever the cerebrum is expanded, or constricted, 
howsoever it bears itself, is tumultuous, agitated or smitten: 
that is to say, whatsoever the action of the sense, the animus, 
and the wilL For the dependence of all is on the vessels, since 
on these depend the glands, and on the glands the fibres. 
Wherefore if the vessels are held connected, the rest also are 
held ; by which connection care is taken that the little append- 
ices and extremities may undulate. The vessels, and also the 
fibres, are said to be held in the stream of motion, when they 
are held in a situation that is conformed to the expansory 
motion of the cerebnmi ; for from this we can judge what is 
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the form of the motion. But on this subject, see where we 
treat of the arteries.* 

176. And thus preserve, whole and perpetual, the permeor 
bility, circulation, and life of the single parts. There can be 
no circulation through the vessels of the cerebrum unless 
those vessels preserve among themselves such mutual situa- 
tion, connection, and form arising therefrom, as entirely cor- 
responds to the mode of the cerebral expansion and constric- 
tion ; which means the same thing as being held in the stream 
of motion. For the cerebral arteries are not furnished with 
a muscular tunic, like the arteries of the body, but with a kind 
of nervous and membranous tunic, which is patientt and yield- 
ing, and is obsequious to the force of the animation of the 
cerebrum, or cortical substances. Therefore, in place of the 
muscular tunic, which, by its own force, impels the enclosed 
blood stream into the successive ramifications, cerebral arteries 
of this kind are furnished with fibres, cords, or potencies; 
otherwise the blood stream would never run through them. 
But if we would really comprehend these organs of nature to 
the uttermost, it is of importance that we know the nature of 
the diflFerence between vessels of the cerebrum and vessels of 
the body, and between their modes of carrying on their sys- 
toles and diastoles. 

177. Fascicles of such fibres, stretched out between the 
tunics of the arteries on both sides, emulate the motor fibres 
of the muscles of the body. That fibres of this kind, stretched 
out between the larger cerebral vessels, are not so delicate is 
clear from the description by Leeuwenhoek, who says : "I saw 
one fibril that consisted of a number of fibrils; yea, a fibril 



♦Swedenborg seems here to re- 
fer, not to the Economy of the 
Animal Kingdom, which he had 
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brain. See 2 E. A. K, n. 305, 
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furnished with six sides. . . . These fibrils, I suppose, are 
also clothed with delicate little membranes. ... I take it 
that these cerebral fibrils are easily four times thicker than 
the flesh fibrils of the ox" (n. 37-38). For they so correspond 
to vessels that they are more simple among the smaller ves- 
sels than among the larger ; for nature is present everywhere 
in her lesser modes and in her measures. 

178. And, like binding and combining cords, they not only 
connect the arteries in respect to their tunics, but also so ex- 
trinsiccUly dispose them, that they perform and keep up their 
systole and diastole in the most obsequious manner, according 
to the every nod of the cerebrum. How these cords, emulous 
of the motor fibres of the body, direct the alternations of the 
expansion and constriction of the cerebral arteries, yea, and 
perfect them, is not easy to understand, unless we are thor- 
oughly conversant with the mode in which the cerebral arteries 
carry on their systoles and diastoles. For, as pointed out above, 
these arteries are passive and obsequious to the force of the 
cerebrum's animation, nor are they furnished with any mus- 
cular tunic. On this account, they are opened and constricted 
by a different force and in a different way, than the arteries 
of the body ; and indeed in such way, that it is necessary that 
there be intervening cords of this kind to bring aid. They 
are almost like the cords, called chordae Willisian<B,* which, 
stretched within the cavity of the longitudinal sinus from side 
to side straight across and obliquely, prevent the sinus from 
being expanded beyond a limit [see above, n. 2] ; for they are 
collected somewhat broadly from the tunic of the sinus into 
a little fascicle which is covered by the tunic,— exactly as is 
the case with the cords of which we are treating. Thus they 
govern, contract, and remit every point of the arterial ves- 
sel of the cerebrum. And at the same time, they hold their 
alternate expansions and constrictions within stated limits, 
(not unlike the chordce WxUisian<B in the interior of the falci- 
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VESSELS OF A MIDDLE NATURE, 107 

form sinus*), and govern them, and, as it were, poise them on 
the beam of a pair of scales; for they react and draw back 
just so far as the forces of the cerebrum and the blood en- 
closed in the arteries acts and produces tension. Hence arises 
action and reaction, and as many restorations of the state as 
there are changes. 

179. The fibres thus colligating the cerebral blood vessels 
also provide that the vascular or fibrous stamens of which the 
arterial tunics are woven, be never devoid of their due abund- 
ance of perfiuent humor. For, by means of these fibres, any 
portion of the fiuid found in the tunic of one vessel, or in the 
stamen of one tunic, is communicated to all the others, where- 
soever they may carry on their action. Thus there is not the 
smallest hair-like vessel, the filament of whose tunic cannot 
demand from the public what it needs, and call that common 
property, yea, proper to itself and its very own, which the 
neighboring and even the more remote vessels possess and 
carry. This is of the greatest importance to the cortical 
glands which, originating from these little stamens, draw out 
and suck from them their essence and purer juices. Like 
as obtains in the tunics, obtains also in the arterial vessels of 
the cerebrum, that is, in the single branches and offshoots of 
the carotid and vertebral arteries, which are so interjoined by 
perpetual anastomosis that of them may be predicated a per- 
fect communion of goods, that is, of blood. And, indeed, 
such communion, that whatever the trunk carries, this each 
branch can claim as its own, — for to it is brought as much as 
it needs ; and whatever the branch carries, each offshoot, yea, 
each least hair-like thread, asserts to itself as its own prop- 
erty. That such is the nature of the communion and com- 
monwealth of the cerebral arteries will be seen confirmed by 
many considerations in the Transaction on those arteries.t 
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As is the communion of the arteries, such, and indeed more 
perfect, is the communion of the little canals whereof the 
tunics consist; for these convey their dews to each single 
cortical spherule; see above, n. 171. 

180. Moreover these vessels emulous of the fibres, form- 
ing a species of continuous membrane between the tunics of 
the cerebral arteries, are like uninterrupted paths and little 
bridges Hung across, whereby there is a connection and con- 
tinuation of the one with the other. Hence it follows that the 
sensations, modes and degrees of each single organ, as soon 
as they are immersed in the medullary lake of the cerebrum, 
spread themselves out to every point of the vessel, meninx, cor- 
tex, and fibre; and thus present to the most simple little brains, 
that is, to the internal sensoriola, or the cortical spherules, a 
representation of the image that has been impressed on the ex- 
ternal organ, and by the nerves, has been poured forth into the 
medullary field of the cerebrum, — and this in a type and idea 
similar to that in which it had been received. That all external 
sensations, whatsoever they be and wheresoever laid up, 
straightway refer themselves to the common sensory or to the 
cortical substance of the cerebrum, see Trans. I. and II.. [n. 
191-195,287]. And therefore, experience adds to reason suflS- 
cient proof that these sensations, which are forms of the forces 
arising from the diflFerences of the purest touches and impulses 
in the external organs, are elevated by means of continuous 
nerves and afterwards, when they have left the nerves, by 
means of continuous medulla, towards beginnings, or towards 
the extreme ends of the arteries, and this by a path laid down 
in the fibres. 

181. Behold, then, the manifold uses of these vessels or 
stamens! And, therefore, it is to be reckoned among the high- 
est tributes of praise due to the illustrious Leeuwenhoek, that 
he has given to the learned world a knowledge of these fibrils, 
as he calls them, discovered by the microscope. 

182. But the question arises. Whence is the tunic of the 
cerebral blood vessels wheref rom these vessels, emulous of the 
fibre, run forth? Whence are the fibres of that tunic? And 
also, What kind of humor do they carry? Where do they lay 
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it down ? And for what use and eflFect ? But let us take up 
these points one by one. Whence is the tunic of the cere- 
bral BLOOD vessels WHEREFROM THESE VESSELS EMULOUS OF 

THE FIBRE, RUN FORTH? It is the ifimost tuftic of the arteries 
of the body, — that tunic, namely, which interiorly colligates and 
subtends the rings of the muscular tunic, and which is called 
the membranous, and by some the nervous tunic. For it is this 
tunic which is first drawn around the tender arterial canals and 
is thus the first to be born; and which, in the capillary offshoots, 
last remains, and is reborn. The carotid and vertebral arteries, 
as soon as they touch the first bony threshold of the cerebrum, 
lay aside their muscular and other tunics, such as the tendin- 
ous, glandular and vascular, — all of which are the progenitors 
and fellow workers of the muscular tunic, — and retain this 
inmost tunic. As to the tunics of the arteries of the body, see 
Trans. I., Ch. ii., [n. 116-240, particularly n. 136-147] ; and 
as to this inmost coUigator of the rings, ibid. n. 187, 188, 189. 
183. But whence ARE THE FIBRES OF THAT TUNIC? Under 
the epidermis, in the stomach, in both lungs, and elsewhere, are 
most delicate glandular and organic forms, not unlike those of 
the cortical glands, which are raised up by propagations from 
the nerves. From these proceed little canals or ducts, emulat- 
ing fibres, which are reflected towards the vessels of the body, 
larger and smaller, and which, as it appears, weave this inmost 
tunic of the arteries and outmost of the veins. These fibres, 
resuscitated from this origin, are not the genuine fibres of the 
cerebrum, but, depending on their glands as on renewed 
origins, they are the re-formed fibres of the body; and hence 
they are vessels of a middle nature, or vessels emulous of the 
fibre, and are the genuine corporeal fibres. Although these 
fibres are continuations of the fibres of the cerebrum, still the 
nature of the fibres of the cerebrimi is not changed in glands of 
this kind raised up in the body, except as the vessels of the 
cerebrum are changed when transformed, by means of the cor- 
tex, into fibres. For the whole fibre or fibrous duct that leads 
or springs forth from this gland, puts on its nature from the 
prefixed gland and its modes of action, and also from its per- 
fluent fluid. These fibres, therefore, deserve to be called the 
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renewed fibres of the body, or simply corporeal fibres. It 
would be a long task to follow up the birth of these fibres with 
the confirmation of experience, nor is this the place for so do- 
ing. Meantime, it is a matter of common knowledge that ex- 
tremely minute glands of this nature are gathered together in 
the extremes of the body and elsewhere, in such abundance as 
to form an entire membrane ; also that they exhale and absorb 
an immense abundance of effluvia, which they transmit into the 
blood; and, therefore, they seem to be reflected towards the 
blood vessels. 

184. What kind of humor do they carry? These fnili- 
ary and highly subtle glands, furnished as they are with little 
mouths, imbibe from the circumfluent atmospheres and from 
the inmost essence of the food that is taken in, eMuznal ex- 
halations and the primitive elements of salts; and by their 
emissary ducts, emulous of fibres, they transfer these, by way 
of the arteries, to the substances of the cortex; and, in fact, 
as actual experience seems zvilling to confirm, convey alternate- 
ly the most chastened lymphs impregnated with saline ele- 
ments, and the juices and spirits proper and native to the ani- 
mal kingdom. Scarce otherwise than as is the case with the 
l)rmphatic vessels or thoracic ducts, which freight towards the 
subclavian vein sometimes pure lymph and sometimes chyle. 
That such subcutaneous, ventricular, and pulmonary glands in 
great abundance open wide their little mouths and breathe out 
effluvial exhalations, is sufficiently obvious from the Sanc- 
torian perspiration; and also from our changes in the day- 
time and in the night, according to the states of the atmo- 
spheres by which we are surrounded. Contagious diseases and 
many other phenomena also give confirmation to the same 
effect. I think it established beyond any possibility of doubt, 
that vessels of this nature stand open in the extremes [of the 
body] and inmosts of the viscera, and eagerly snatch up the 
purer essences, and, having snatched them, immediately carry 
them off, either into the blood, or into the cerebrum. 

186. Where do they lay this humor down ? In addition 
to the abundance which they pour into the veins, they carry the 
purest part up to the cortical glands of the cerebrum, cere- 
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bellufn and their two medullas, which are raised up and form- 
ed from these little vessels, ducts, and stamens at the side of 
the arteries. Wherefore, by the mediation of these vessels 
emulous of fibres, the outmost parts of the body communicate 
with the inmost parts of the brain; and thus the most select 
and highly purged elementary and animal humor is laid down 
m the beds and little sinuses of the cortical substances, and is 
thence derived into the appended fibres. This follows as a 
consequence from the connection of causes with the things 
caused. For if the above mentioned elementary glands im- 
bibe, with their open mouths, juices from the circumfluent 
atmosphere; and if their ductules lead and reach up to the 
cortical substances by way of the arteries or their tunics ; and 
if it is they that bring the cortical glands into existence ; it fol- 
lows that they carry thither the imbibed essences which can- 
not but be most highly purged, that is to say, that they deposit 
them only in the ultimate terms of the vessels or the first 
terms of the fibres, in other words, in the cortical glands. Ex- 
perience in respect to innumerable effects proves the same 
thing. Hence also must be sought the causes of many diseases, 
such as hysteria, and other [mental] diseases, and certain kinds 
of melancholia, which from these causes, penetrate into the 
cerebrum and its imagination, yea, into the reasonings of the 
mind itself. 

188. Finally the question is asked: For what use and 
EFFECT ? Namely, in order that they may minister to the corti- 
cal glands, as to so many most highly simple and perfect labor- 
atories, the essences and quintessences of purer nature, upon 
which these glands may pour their own vital essence; from the 
commingling of which two essences the animal spirit is con- 
ceived, prepared and given forth, and is then sent out into 
the fibres continued from the glands. For this end, the cere- 
brum looks around for help from its whole circumfluent world, 
and ingeniously prepares approaches, passages and exits in 
order that from the mingling of elementary parts with parts 
that are truly animal, spirits may be prepared that participate 
in both and possess in themselves the animal and spirituous 
nature of the body consociated with the elementary nature of 
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the world. But on these matters we shall treat more fully in 
the Chapter on the Animal Spirit* The common opinion 
holds good, that the animal spirit is elaborated from the purest 
elements of the vegetable and mineral kingdoms, and also of the 
atmospheric world ; and, moreover, that the spirit thus elabor- 
ated is not purely elementary but is also animal, and is there- 
fore called spirit; also that this spirit flows down from the 
cortex into the fibres. How these things follow on to the eflfect, 
is now, as I think, explained. It remains only to treat in 
detail of the matters which have here been spoken of in gen- 
eral ; for each detail can be confirmed by abundant experience. 
187. Behold, then, the most excellent and manifold use 
resulting from a theoretical examination of these vessels; a use 
which comprehends the arcana of the animal kingdom and also 
its communications. But still there can be no satisfactory 
knowledge and confirmation in respect to what we have put 
forth, unless we have some general anatomical experience; and 
a specific anatomical experience in respect to details; unless 
also the physical facts of the phenomena be investigated by 
means of philosophical series, even to their causes. Confer. 
Trans. I., n. 1-117. 



♦This chapter is not included 
in the manuscript of which the 
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CHAPTER X. 

THE SUBSTANCE, FABRIC AND POROSITY OF THE NERVES, AND 
THE PASSAGE OF FLUIDS THROUGH THEM. 

188. When cut transversely, the nerves, seen by the glass, 
appear like a sponge or bulrush, pierced by distinct passages. 
That the nerves are fistulous and pervious cannot be doubted, 
unless we call ocular experience itself into doubt. But while 
the nervous bodies are stopped up with their humors, 
these cavities are not easily detected; for the continuous 
and coherent parts which constitute the tunics, especially 
the tunics of the fibres, are hardly discernible from the 
contiguous parts, that is, from the fluids, which flow 
through them and between; for the verimost simple fibre 
which is the all in the compound fibres, is far removed 
from the sight of the eyes, as will be confirmed in the 
following pages. Therefore the nerve is seen to open up 
and distinctly exhibit its cavities to the sight, only when it 
has been dried out for some weeks. This is confirmed by the 
most experienced investigators. Thus Willis says "The nerves 
themselves, as may be seen by the microscope, are furnished 
throughout with pores and passages, as with so many cavities 
thickly set in, and mutually contiguous. Thus their syringe- 
like substance, like Indian cane, is everywhere porous and pervi- 
ous," (n. 8.). It is the common opinion of all investigators 
that animal spirit flows through the nerves with the utmost 
freedom, and it is because of this that Descartes supposes that 
the nerves have valves, — a supposition mentioned by Bartholin, 
together with his own strictures thereon, see n. 13. In re- 
spect to the porosity and permeability of the nerves, there 
is among the learned, no more sharpsighted and deeply in- 
quisitive investigator than Leeuwenhoek ; for this observer 
has set under his microscopes nerves that were first dried out, 
and were then dissected at various planes, and in some of his 
figures he shows their structure with the interstices between 
8 



114 THE FIBRE. 

them ; see his figures, i, 2, 3, 4, 5, 6, 7, 8, and the descriptions 
thereof in n. 27, 28, 29, 30, 32, 33, 34, 35, 43. The reader 
should examine all these figures and read the descriptions be- 
fore he accompanies us any further. 

189. Wheresoever in the body there is a nerve, it is made 
up of fibres, fascicles of fibres, tunics, and connections; and 
it arises from the cortex and the gray matter of the cerebrum, 
cerebellum, medulla oblongata or medulla spinalis, and is pro- 
duced and continued through their medullary substance. That 
every fibre springs from a gland of the cortex, has, I think, 
been sufficiently confirmed above ; moreover those who, as far 
as possible, have made examination of the matter with their 
own eyes, are of the same opinion. This, then, is a description 
of the nerve from its origin or genesis. 

190. The fibre is the principal substance of the n ervf-_ 
Compacted together, fibres constitute the very body or medulla 
of the nerve, A larger or smaller number of fibres covered 
over with a common membrane, forms a fascicle, also called 
a nervuie and the beginning of a nerve. Such fascicles, com- 
pacted within a still more general tunic, produce an entire 
nerve. When such nerves are brought together under a most 
common sheath, then arises a nerve trunk, such (w the sciatic 
nerve and the brachial. That such is the composition of the 
nerves, is evident from dissection of the several nerves.* Sim- 
ply consult the famous investigator, Leeuwenhoek, and his 
figures. That such is the fabric of the nerves, is also cleariy 
evident from their coalition at the point of their origin and 
inauguration ; for delicate fascicles or beginnings of nerves go 
forth from the medullary stem from which they have been 
excluded and a number of such fascicles converge together 
under a common tunic drawn from the dura mater. 

191. Thus we see that a nerve, like all other created bodies 
in the universe, grows by degrees from its lines, simple sub- 
stances or fibres, into its dimensions, and springs up dis- 
tinctly in a three-fold way into a body. That the lines or fibres 
also arise from their points multiplied together and drawn out 



♦In the Latin this sentence is printe<l in italics. 



NERVES AND THEIR FLUIDS. iiS 

lengthwise, is clear from the origin of the simple fibre. These 
particulars are conformable to purely geometrical principles, 
since, for the existence of a line, there must first exist a point, 
for the existence of an area, there must by all means be lines, 
and for the existence of a cubical body, we must have areas; 
for it is the multiplication of points, lines and areas that pro- 
duces dimension. In order that we may obtain the square of 
a cube, and the cube of a cube, it is necessary to assume 
cubes as simple substances or points. So in all respects is it in 
the nerves. 

192. How fistulous and sparse is the structure of a nerve 
is clearly evident from what has been said above; for the 
fibres themselves, [of which the nerve consists^ are pervious 
and channeled. See above, n. 142. There are interstices be- 
tween the fibres, and still larger interstices between the fascicles 
of fibres; for fibres are little canals not agglutinated with the 
neighboring canals, and fascicles are smooth cylinders distinct 
from the contiguous cylinders. There are some who have 
imagined that a cavity goes through the middle of the fascicle 
as is the case with an artery, but this view is not supported by 
experience; for the fascicle is permeated, not by one cav- 
ity, but by innumerable cavities. It is, indeed, possible that a 
somewhat more ample space may be formed in the middle of 
a nerve, caused by stagnant serum, or by the swelling of the 
vein that runs through it ; but this is unnatural and no induc- 
tion can be made from the unnatural to the natural. That 
there are passages between the fibres, and between the fascicles 
of fibres, is shown by the mere geometrical figure of these 
bodies ; for when little canals and smooth cylinders are joined 
together they must necessarily give rise to some intervening 
space, and unless this space were permeated by fluids, the sides 
would certainly coalesce and become entirely collapsed, an 
eventuality which is contrary to experience. The reader 
shotild here carefully examine Leeuwenhoek's figures i, 2, 3, 
4, 5»6, 7 [n. 29, 30, 32, 33]. 

193. Inasmuch, therefore, as each fibre and each fascicle of 
fibres Hows from its own proper origins in the brains, and 
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goes dawn to the performance of its own proper oMces in the 
body, it is necessary that each -fibre and each fascicle be dis- 
tinct from its accompanying and neighboring fibres and fas- 
cicles, and be non-contiguous thereto except at the points of 
contact. Otherwise the several forces and actions would coal- 
esce in a confused manner into one general indistinct force 
and action. And, therefore, in proportion as one fibre in its 
cation is distinct and free from another, and one fascicle from 
another, the better is its condition and state, and, consequently, 
the condition and state of the whole kingdom; that is to say, 
the more obsequious the muscle to the decrees of the brain 
and of nature, the more apt the gland for the purification, 
separation and commingling of liquids, the more prone the 
artery to the fulfilling of its systoles and diastoles, and the 
more suitable and accommodated the organ for receiving sen- 
sations, transferring them, and distinctly representing them 
in the cerebrum. Such is the state of the fibres, fascicles, and 
nerves in the flower of youth, but it is wholly different in the 
winter of old age. For old age arises from an obstruction of 
the arterial and venous capillaries and the coalescence of the 
fibres and fascicles; hence the fibres, both the muscular and 
others, acquire a hard and tendinous nature, the ccmsequence 
whereof is that the several forces no longer enter into the gen- 
eral force ; and according as the forces are, such is the result- 
ant action ; therefore is the vigor of old age so far removed 
from the vigor of youth. 

194. As many, therefore, as are the apertures lying open in 
a cross section of the nerve, so many are the pathways con- 
structed for the fluids. But to investigate the nature of the 
fluid which runs through the fibre, of that which runs through 
the interstices of the fibres, and of that which runs through 
the interstices of the fascicles, — this is a work, and here is 
labor. It is an evident truth, however, that the humor permeat- 
ing the spaces between the fascicles is not the same as that 
which permeates the little spaces between the fibres, nor as 
that which permeates the little channels of the fibre. But, 
from diligent consideration of the several points, it seems 
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possible to conclude that through the interstices of the fascicles 
Hows the genuine serum of the blood, impregnated with urino- 
saline or fatty particles; between the little interstices of the 
fibres, a highly rectified humor rich in ethereal and subtly sul- 
phureous principles and elements; and through the fibre itself, 
that middle vital essence called the animal spirit. But as to the 
origin and nature of the one humor and the other, this is not a 
matter to be learned by light study, nor to be delivered in a few 
words; nevertheless we may be permitted to make the attempt, 
for otherwise we shall not reach the end or goal. That these 
passages are traversed by humors of diverse character, may be 
argued from the diversity in the situation and figure of the 
several parts, and frcwn many other indications. For the more 
ample the space, and the more remote from the centres, the 
grosser the humor; thus the most chastened humor, the loss 
whereof is most greatly to be feared, must necessarily flow 
through the middle of the fibre. In the meantime, we may 
form a judgment from the tunics and walls as to the nature of 
the fluid that transpires through them ; for the fluid, which is 
prior both in time and in nature, constructs for itself path- 
ways and accommodates them to itself. Trans. I., n. 134, 135. 

196. But before entering this field, it is necessary to 
minutely search into the nature of the fabric and porosity 
found in the medullary substance, and of that found in the 
cortical substance of the cerebrum, cerebellum, medulla ob- 
longata and medulla spinalis. For it is from this origin that 
the fibre is drawn, and from the same origin is introduced that 
humor which penetrates the spongy bodies of the nerves; for 
the two mutually correspond to each other; and in the nerve is 
presented the effect, which is the continuous effect of its cause 
in the brains. 

196. As regards the fabric and porosity of the Medullary 
Substance, its fibres and vessels mutually consociate, and dis- 
tinctly enfold themselves into reticular plexuses; for there are 
lesser plexuses within the larger, and eaqh is girt about by the 
softest little membranes. See what was adduced above, n. 131. 
Hence arises a structure, loose, spongy, pervious to lymphs, 
bibulous, soft, capable of expansion, free to act, and peculiarly 
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suitable for building up the nerves; see above, n. 132. Thus it 
is apparent with what distinctness the cerebral medulla con- 
ducts to the lattice-work of the nerves, the humors received 
from the cortex. For each fibre, there most freely fluent, 
transmits its own spirit; each lesser plexus woven of the 
loosely fluent fibres, pours in between the fibres of the nerves, 
a humor of the utmost purity; and each larger plexus pours 
in, between the fascicles of fibres, its own oleaginous serum. 
And to the end that these liquors shall not break away from 
the paths marked out for them, the several plexuses are sur- 
rounded and guarded by a delicate tunic. When these plexi- 
form fascicles emerge from the medullary stem, they are first 
surrounded by a fine meninx, and afterwards by a hard one. 
Thus the most diligent care and precaution is taken to prevent 
the enclosed humor from flowing off elsewhere, and to ensure 
its being determined by distinct paths into the corresponding 
pores of the nerve. Nature also, from the very cradles of the 
fibre, strives after the same effect; for the several fibres, new- 
born from their cortical glands, quickly join company ana sub- 
mit themselves to a common covering. Thus the fabric and 
porosity of the medullary substance in the brains corresponds 
to the ferric and porosity of the nerves in the body; nor xs 
there any other difference between them, except that the fibre 
of the brain flows much more free of action, while the fibre of 
the nerve y being more closely compacted, is coerced by bonds, 
to the end that it may serve and minister to the brains. Con- 
fer the observations made above, n. 193. 

197. As regards the Cortical Substance, from which, as 
from their beginning, the fibres flow down, and from which, 
as from their fountain, the humors are derived, each of its 
glands is separated from the neighboring glands, and circum- 
scribed by a little space; and each of its lesser congeries or 
clusters is trenched about by fissures and little furrows; and 
each larger congeries or cortical glome, is surrounded by deep 
and winding fossce. This is evident from a mere inspection of 
the cortex; for as to the separation between the glands, this 
has been proved by Vieussens and other anatomists by means 
of their black injections [n. 17] ; and as to the fissures and 
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sulci which distinguish the clusters from each other, this is 
plain to be seen merely from the division of the parts in boiled 
brains; confer Trans. II., n. 135. Thus the cavities found 
between the fibres and between the fascicles of fibres, and 
Anally in the nerves, take their origin all the way from the 
cortical substances, and are continued into the nerves. The 
cortical gland itself is furnished with a little follicle or minute 
chamber, through which the middle vital essence, that is, the 
animal spirit, transpires into the medullary fibre of the brain, 
and the nerve fibre of the body. From the space which cir- 
cumscribes the gland, a highly chastened humor, rich with prin- 
ciples and elements subtly sulphureous and ethereal, Hows down 
between the fibres; for no other way is open to it; and therefore 
each gland is seen to be constantly anointed by a moisture 
of this kind. This is confirmed by Pacchioni, who says : "If 
you touch the cortex of the brain with your fingers, you will 
not fail to notice that it is extremely smooth as though suf- 
fused with a most subtle oil, a fact which I have learned, not 
without admiration, from a vast number of dissections of 
cadavers." (Trans. IL, n. 88.) And, therefore, Leeuwen- 
hoek calls this substance not only vitreous, but also oleagi- 
nous ; and he states that it gives off an odor of sal-ammoniac 
[n. 22]. Moreover, if a substance so prone to agitation and 
animation, were absolutely dry, it would be rendered impotent 
of action, and become coalescent with the neighboring sub- 
stances. From the fissures and commissures whereby the 
larger congeries of glands are discriminated, there is derived a 
genuine serum, impregnated with urino-saline and fatty parts, 
which flows down between the fctscicles of the nerve fibres. 
For this purpose the arachnoid tunic is extended over the pia 
mater, in order that it may pour on a lymph of a better 
quality. That the arachnoid tunic performs this use, will be 
seen in the following Transaction, [n. 352-354 below.] For 
the rest, — that the pia mater perpetually expires a most subtle 
dew, is confirmed by much testimony by Pacchioni, Ruysch 
and other anatomists; and that the medulla assiduously re- 
ceives the humor of the cortex, and the nerves the humor of 
the medulla, and transmit them to every point, see Boerhaave, 
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n. 49, sup. But humors of a grosser character, namely, those 
serous and pituitous humors which crowd the winding fosses, 
are carried down the larger plexuses of the medullary sub- 
stance, and by means of afUmations or alternate expansions and 
constrictions, are urged on to their outlets which have been con- 
structed by nature. This is plainly to be seen in the en- 
cephalon, and also in subjects laboring under cerebral dressy; 
for the medullary substance, being loose and patulous like a 
sponge, receives the purer juices within the structure of its 
plexuses, but the grosser between the plexuses themselves, 
that is, in the interstices shown in Fig. 14 [n. 40], by H, I. 
When, therefore, this somewhat gross and pituitous humor 
penetrates the plexuses, it inevitably falls into the larger in- 
terstices of the nerves, whence arise inflammations, swellings, 
and certain kinds of paralysis; but when, on the otiier hand, 
the humor enclosed in the plexuses escapes, by the laceration 
of the tunics, into the larger spaces I, H, the result is that the 
lack of such humor in the nerves gives rise to torpor, im- 
potence, emphraxy,* etc. As to tiie outlets constructed by 
nature and to which this pituitous humor is urged, this will 
be explained in the Transaction on the Brain.t Thus the 
cortical substance corresponds in all respects to the medullary, 
and the medullary to the nervous; and, by the principles or be- 
ginnings, everything is provided which conduces to the effect. 

198. But it is asked. Whence come such diverse humors? 
What is their nature? By what force are they carried down 
into the nerves and through them? and What use do they per- 
form? 

199. With regard to the Urst question, Whence comb 
SUCH DIVERSE HUMORS? It is Well known that a better, 
lighter, softer, and more perfect blood is continually being 
drawn up towards the brains, and this through the carotid 
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and vertebral arteries, which after constant ramifications, ap- 
proach and enter the very glands of the cortex. Hence it 
follows that these diverse kinds of humor spring solely from 
the blood. If now we consider the globules of the blood as 
to their inmost structure, it will become evident that each 
globule carries in its bosom all those kinds of humors that 
are transmitted through the pores and passages of the nerves. 
Thus it is apparent how important it is to know what is the 
structure of the blood globule, and what the principles and ele- 
ments of which it consists. Microscopic experience has al- 
ready opened to us the way almost to the inmosts; and it has 
taught us that a globule of red blood is made up of smaller 
globules and these again of globules still smaller; and that 
these several globules are bound together by suitable particles, 
borrowed from the kingdom of salts and sulphurs, whence re- 
sults the spherical shape of the blood, its redness, graivity, 
heat, volubility, flexibility and solubility. The composition of 
the blood globules has already been treated of at some length in 
Transaction I, where it was shown: That in the blood is 
contained whatsoever exists in the body, n. 2, 3, 5, 59-61, 115. 
That in its globule are contained many kinds of salts, n. 43- 
45, 91, 92. Concerning its composition in particular, see n. 
91, 92, 95, 96, 188, 371. That tile blood globule consists of 
six other globules, and tiiese again of many smaller ones, was 
seen by Leeuwenhoek with his glasses and he gives a delinea- 
tion of the globule itself, [n^ 22, and Trans. I, n. 29-30]. To 
the above it retnains only to add, that in the blood globule are 
found saline elements, but not lymph ; for the latter serves as 
a vehicle, and carries to the blood the things of which the 
blood is constructed. This lymph, impregnated with saline 
parts of divers kinds, is called serum. Thus serum is not in 
the blood but the blood swims in and is surrounded by serum. 
800. Being thus fabricated, the blood globules readily 
suffer themselves to be resolved and divided into their con- 
stituent parts; and they are, in fact, resolved at every circula- 
tion, especially in the brains, whither the better and softer 
blood Hows. Hence it follows, that from the resolved globules 
ond the affluent lymph, result the various kinds of humor 
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enumerated above; in other words, that the true blood glob- 
ule, divided into its elements, steals into and runs through the 
porous structure of the nerves by distinct paths; so that noth- 
ing of the genuine blood is lost, until it has performed its use 
in the inmost penetralia and medullas of the whole animal king- 
dom. On these points see above, Transaction II, n. 128-131 ; 
but that they may be more fully confirmed, I wish at this 
place to bring together the experiences of Leeuwenhod^ as 
described by himself, who more than all other men has labor- 
ed to open up the intricacies of the blood globule. 

"I was able (he says) to distinguish in a butt* various 
blood particles which had been disrupted; and in some I was 
able to distinctly discern four and five, and in a few cases 
even six particles. But what I thought worthy of note was 
the fact that many of tiiese sanguineous particles which pre- 
sented themselves to my sight, were of an oval figure, certain 
others were somewhat roundish, and others again were per- 
fectly spherical. ... I constructed a globule of this kindt (he 
says) consisting up six globules, each of which was again 
made up of six globules, in order to set before my eyes the 
curious structure of these blood globules. I hold, there- 
fore, that each single globule of our blood consists of at least 
thirty-six globules. When moved, and pressed, these globules, 
being flexible, are mutually pressed against each other, [and 
take on a perfectly round shapet]. But who shall say by what 
arrangement this is effected? For howsoever minute the 
parts into which, in imagination, we divide this globule of the 
blood, nevertheless the particles of which the globule consists 
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may be infinitdy smaller." [Continuatio Arcanorum Naturce, 
Lugd. B., 1 7 19, p. 217, 222.] 

"I took a little oil of a yellow color, which had been ex- 
pressed from the bark of the cinchona'*' and afterwards mixed 
it with a little blood taken from my thumb, and, as quickly 
as possible, set the mixture for examination tmder the micro- 
scope. I immediately observed that some of the blood 
globules were coagulated and mutually agglutinated. More- 
over, I saw, floating in this same humor or liquid, a large num- 
ber of blood globules which were not only clear and pellucid 
beyond measure, but also, what is of more importance, in the 
case of each one of these globules I could most distinctly see 
that it consisted of other and diverse globules. These san- 
guineous globules presented a delightful appearance, espe- 
cially when I set them moving before my sight, for not only 
could I distinctly behold the globules, but frequently I was 
able to note with the greatest accuracy, the juncture between 
the globules composing the blood globule; there somewhat 
of obscurity was seen, but the rounded eminences of each 
single globule again presented a clear light." [Cont, Epis- 
tolarum, Lugd. B., 1696, p 121.] 

"I cut some pieces of the root of the pareira bravat into 
exceedingly minute bits, and pouring rain water over them I 
set them on the fire to boil. After die water had stood quiet for 
some little time, in order to allow of the films or layers set- 
tling, I put a small drop of it, about as much as would cover 
the head of a pin, on well cleaned glasses ; with this I mixed a 
drop of blood drawn from my finger by a needle-prick. I then 
saw that the globules which give the blood its redness were 
more scattered in the blood thus diluted, than I remember to 
have ever observed before. But what seemed to me most 
remarkable was the fact that a number of the globules were 
indented with a kind of a curve or sinus, just as if we should 
take a bladder full of water and by putting the finger on 
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the middle, produce a hollow cavity or trench. When those 
scattered globules, now of a flat shape (for when they lie 
sparsely scattered about, then, by reason of their exceeding 
softness, they assume a flat shape), — ^when these globules draw 
closer together, they sometimes assume an oval shape, in which 
case also those- curves or sinuses spoken of above become 
somewhat lengthened out. But when, on the other hand, the 
globules are coagulated or stuck together they exhibit the shape 
of a solid body, none of the parts of which can be distin- 
guished by the eye. [Epistol^B PhysiologiccB, Ludg. B., 1718, 
p. 420.] 

"I found the blood of the spider to consist of piano-oval 
particles swimming in a clear liquor. Many of them had in 
the middle a shining oval lumen ; others seemed as though they 
were made up of several roundish ovals of unequal size; 
others seemed to be almost entirely surrounded by minute 
globules ; while others had no globules at all in their circum- 
ference, but had them in their middle." [Arcana Nature, 
Ludg. B., 1696, p. 54-55] 

"While I was observing the blood flowing out of the am- 
putated legs of a spider, (after having for some time fixed 
my eyes intently on this blood, during which time a thin liquor 
was being extracted therefrom), I saw saline particles coming 
from the blood, which particles, when gathered together, pre- 
sented the appearance of twigs or branches. It was a by no 
means unpleasant sight to see these saline particles, many of 
which seemed to take their origin from one single point, as it 
were, that is, from one single sanguineous particle, frequently 
joining together and presenting an appearance like the 
branches of a rosebush. [Cont. Arc. Nat, 1719, p. 330, 331.] 

"I take it for granted that those perfect globules which im- 
part the redness to our blood, are of such size that one hun- 
dred of them placed side by side in a straight line, would not 
equal the thickness of a little grain of sand ; hence it follows 
that a million globules of the blood would equal one coarse 
grain of sand. I now observe blood-vessels in the brains, in 
respect to which I am positive that if one globule of the blood 
were divided into sixty-four parts not one of these parts would 
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be able to traverse any of the little vessels; for if I put the 
diameter of these vessels as i, and the axis of the blood glob- 
ule as 4, then it would mean that even if a grain of sand were 
divided into sixty-four thousand"*" parts still it could not enter 
the minute blood-vessels of the brain, especially if the minute 
particles of the blood were not Hexible but rigid. I neverthe- 
less think that this kind of minute blood particle always en- 
joys flexibility like those blood globules which have arrived at 
perfect maturity." [Arc, Nat., Ludg. B., 1696, De Structura 
Cerebri, p. 35.] 

In other places also Leeuwenhoek states on the ground 
of his experience that hard, compact and indissoluble blood 
presages death, but soft and soluble blood the finest health. 
[Philosophical Transactions, an. 1675, ^- ^^7> P- 381.] He 
also affirms that he has seen with his own eyes a blood globule 
divided into lesser globules. These statements have also the 
consent of Boerhaave, cf. Trans. I., No. 31. [See further 
citations from Leeuwenhoek, in n. 22-25, sup.] But let us 
continue the thread of our discourse. 

201. The next question is, What is the nature of these 
DIVERSE HUMORS? The inmost and genuine essence of the 
blood is the verimost animal, vital, and spirituous essence, 
which alone rules in the globule, and which acts therein from 
itself and its own nature. This principal substance of the 
kingdom courses through the simplest fibres, and the cortical 
substance continually pours into it a new substance conceived 
in its purest wombs and laboratories. This principal, and first, 
sole, inmost, supreme, most universal, most simple, and most 
perfect substance of the animal kingdom, comprehends in it- 
self all that principle and nature which is found contained in 
the posterior and compound substances of its kingdom; and, 
therefore, to search into its character is to search from prin- 
ciples into the whole anatomy, pathology and physiology of the 
human body. This substance, or this truly animal essence, has 
been treated of in Transaction II., Ch. 3, [On the Human 
Soul, n. 208 seq.] ; and that it is this which rules from prin- 



*Myr%ad, literally "ten thoasand." 
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ciples in each blood globule see the same Transaction, n. 222, 
and other references there cited. 

202. The second or middle essence, thai springing from the 
divided blood globule, is that essence which is called the (Wii- 
mal spirit. It is made up of purest elements and principles 
subtly sulphureous, and elkereal, commingled with the genuine 
attimal essence mentioned above; it is also the same as that 
essence of which the pellucid globules of the divided blood con- 
sists. This Auid substance makes its way through the middle 
of the little sinus and minute chamber of each cortical gland, 
and courses through the little canal of each fibre. But with 
respect to the animal spirit, the reader will see a special trans- 
action on this subject.* 

208. That most chastened humor which runs through the 
interstices of the fibre, consists of those purest elements, subtly 
sulphureotis and ethereal, mentioned above, which result from 
the lesser and divided globules of the blood; on which is be- 
sprinkled a highly defecated lymph; in this way a highly pure 
serum is brought into existence, which serves for integra- 
ting Ike pellucid blood and perfecting its globules The 
subtly sulphureous and ethereal elements are the simplest and 
primitive parts of saits Hooting about in the ether. 

204. But the somewhat gross humor which is carried down 
in the interstices of the fascicles consists of urino-saline parts, 
from which oil and fat is made up, and of a lymph, collected 
under the arachnoid lunic, which is poured on. Thus is bom 
the genuine serum of the blood, which serves for the construc- 
tion of the red globules. The urino-saline parts are the sec- 
ondary principles of salts, which are taken from the atmo- 
spheres and the aliments stored therein, and which come forth 
from the red blood globule when resolved. These are the 
parts mentioned by Leeuwenhoek, (n. 200 sup.), as breaking 
out in such abundance from the blood globule of a spider. 
Hence it is clear why we must be constantly nourished by ali- 

•The little work on The Ani- Transaction referred to, or a 6Tst 
MAI. Spturr, published in Post- draft thereof. 
> Tracts, is probably the 
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raents ; that is to say, solely for the sake of the blood, to the 
end that it may come into existence, and that, whenever it is 
resolved, it shall again be made whole. The lymph is the 
vehicle that conveys, applies, and insinuates these aliments. 
From these considerations now follows the conclusion that all 
the humors that pass through the pores and lattice-works of 
the nerves come solely from the opening up of the blood; so 
that what runs through the porous and spongy structures of 
the nerves is the blood globule divided, 

805. But for an intimate and minute knowledge of the 
nature of the several humors, it is necessary to open up the 
whole of natural chemistry event to its very principles. There 
we find only one thing that is universal, namely, that the primi- 
five saline elements, or, what amounts to the same thing, the 
sulphureous and oily elements, are least and most perfect 
cubes, squares and trigons, the sides of which are hollowed 
out to suit the convexity of globules. Thus they are parts which, 
being angular, are themselves inert, and neither mobile nor 
flexible; and which serve active substances as an instrumental 
cause, and are most exactly accommodated to the whole nature, 
mode and form of compounds. Respecting the generation, 
formation, derivation and figure of saline, sulphureous and 
oily parts, see Transaction I., n. 67-79. 

206. Then comes the question. By what^ force are these 

DIVERSE HUMORS CARRIED DOWN THROUGH PASSAGES CONSTRUCT- 
ED FOR THEM IN THE NERVES? In the corticol substance, this 
is effected by means of the expansion and constriction of the 
glands, that is, by means of the animation or alternate respira- 
tion of the cortical brain. That it is the cortical and cineritious 
substance that is expanded and contracted, or that is the 
origin of the brain's animation, [is evident] ; for each of its 
spherules is like a little heart prefixed to its fibre, not un- 
like the great heart of the body prefixed to its arteries. And 
since there are as many origins of motion as there are 
spherules of this substance, therefore, when these are ex- 
panded, the whole mass of the conglobated viscus, namely, its 
surface and blood-vessels and its whole inner medulla, is con- 
tracted, and vice versa; see Trans. II., 132-146. In the 
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medullary and nerve substance likewise; for each fibre, like 
an artery, drives its fluid into the parts that follow, and like 
the cortex, it has its alternations of expansion and constriction. 
See above, n. 135, 146; and respecting the alternate respiration 
of the cerebrum, see Trans. II., n. i seq, [On the Motion 
of the Brain.] This most pure humor between the fibres is 
urged to its outlets by the alternate expansion and constriction 
of the fibres; for it is not fluid of itself, and therefore is 
pushed forward by the highly active force of the flbre. For 
suppose we have smooth canals closely joined together, and 
between each canal an interstice; it would then follow that 
when the canals are expanded, the humor flowing withotU and 
between them will, by virtue of this expansion, be pushed for- 
ward. So also is it with the somewhat gross serum which flows 
between the fascicles of the fibres, — a serum which is cts yet 
of a somewhat sluggish and inert nature, because impregnat- 
ed with somewhat large and uneven particles. And therefore^ 
when the fibres remain inactive, and a rude and undigested 
humor stops up and obstructs the passages, there arises fat 
which interposes itself between the fascicles of the fibres. 
That in fattened and sluggish animals the interstices of the 
fascicles are filled with fat, see figure 2, and Leeuwenhoek's 
description thereof, [n. 29.] That urinous and volatile salts 
give birth to such fat may be shown by many proofs, but here 
is not the place for making this excursion; it is apparent 
however, from the fact that when the blood is resolved by 
chemical means it goes off into a tiiin and a somewhat gross 
oil, according to the experiment cited in Transaction I., n. 
30, 34. This is the efficient cause of the trajection and circula- 
tion of humors through the nerves; to which is added an aux- 
iliary and promotive cause arising from the respiration of the 
lungs, which organs wonderfully concur in the transfusion of 
this juice through the nerves. Confer Transaction I., Chapter 
I., [On the O)mposition and Essence of the Blood], and n. 
172-176 above. 

207. Lastly, comes the question, For what use ? The use 
is manifold, namely, that, at every circulation, the blood may 
be opened up to its very principles, and may as often return 
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to its parent spirit and commence anew; to the end that it may 
be adapted to every use and formation, — for the blood is the 
treasure-house and seminary of all the things in its body; 
that it may continually supply the spirit that animates the 
fibres and courses through them; that it may excite the motor 
forces and convey to the mind the modes, forces, and forms of 
sensations; likewise that the different kinds of juices, such as 
saliva, chyle, milk, bile, the genital fluid, and many others 
may be rightly prepared in the glands. And therefore, as 
soon as the blood is defiled with heterogeneous matters, and 
begins to grow hard, and no longer suffers itself to be unlocked 
in distinct manner, the universal animal economy labors, 
and from cacochymia* arise dire diseases of head and body, 
such as paralysis, atrophy, stupor, ataxia, phrensy, cephalalgia 
or headache, lipothymia,i fevers, inflammations, phthisis,t 
and so forth, — for there are a host of them. 

CHAPTER XL 

THE TUNICS AND UGAMENTS OF THE NERVES, FASCICLES AND 

FIBRES. 

208. That each nerve is invested with its own tunic is evi- 
dent, being recognised by the naked sight; but that each fas-- 
cicle of fibres, that is, each nervule is also clothed with a mem- 
brane can hardly be detected without the aid of the micro- 
scope. That the nerve is discriminated into principles or fas- 
cicles is not apparent to the naked eye, and still less apparent 
is the tunic of the fascicle ; but that this fascicle like the nerve 
itself is also wrapped about, or tunicated, is declared by that 
keenest of observers, Leeuwenhoek, on the evidence of his 
own sight His words are, "As I have often observed, each 
nervule is assigned its own separate place, and is covered about 



*An abtindance of depraved hu- ^Progressive emaciation; the 

mors in the blood. word is generally used, however, 

tA sudden cutting off of the as meaning phthisis pulmonalis, 

vital forces resulting in faintness, that is, consumption, 
and, at the worst, in syncope. 

9 
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with its own little membrane, exactly as we have declared with 
respect to the fibrils of fishes and to the fleshy fibrils, namely, 
that they are all invested with their own little membranes" 
[n. 39] . And inasmuch as they are smooth cylinders and mu- 
tually sq[)arated from each other, and between them are inter- 
stices through which flows a humor, it necessarily follows that 
each one of them is covered over with its proper tunic ; other- 
wise there would be no fascicle, nor nervules, nor principles of 
nerves. 

809. But that the fibre itself is girt about by a certain most 
delicate metiinx is a fact which is not apparent even to the most 
highly armed sight, and which our imagination can hardly 
perceive. From analogy, however, it may be concluded that the 
^ fibre is a subtle membrane; for it is a little canal and 
transmits spirit, and it is distinguished from the neighboring 
fibres by a little triangular interstice through which flows a rec- 
tified humor. This purest little membrane of the fibre is also de- 
clared by our author Leeuwenhoek, to have been discovered to 
him by the microscope. He says, "The extremely minute ves- 
sels, of which, for the most part, the nerve is contextured, are 
also clothed with their own little tunics, not unlike the veins 
and arteries; but these little tunics are not conglutinated or 
coalescent with each other" [n. 39]. The same is also con- 
firmed by Bartholin, who says : "The nerves, moreover, with- 
out exception, consist of many nervous fibres or filaments mu- 
tually held together by little membranes" [n. 13]. But as seen 
by the microscope, the membranes of the fibrils appear no other-- 
wise than as a kind of sluggish and viscous humor; for they 
are most highly delicate, and, therefore, emulate the nature of 
a fluid rather than that of a solid. Such is the case with all sub- 
stances in prior nature, which substances may yet be called in- 
ert when compared to the supreme fluidity of more active en- 
tities. Such substances, although they are fluid, yet, when 
gathered togedier and composing one larger body, appear as 
though consolidated and hard, because, taken together, they 
offer a strong resistance to the touch and to every assailing 
force. It is resistance that gives esse to the solid, the hard* 
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the material^ and the body, to which esse extension is thus 
necessarily adjoined. That this membrane is fluid is also testi- 
fied to by Leeuwenhoeky who says, "Those fibrils, of which, as 
parts, the nerve is made up, are clothed with a certain mater 
for which I see no more suitable name than little membrane" 

[n. 33]. 

210. But because this tunicle is the most simple of all the 

tunics of the body, it seems* to consist of fibrils pure above 
every imagination. If the fibre of which we are now treating 
be a little canal, and its circumambient membrane consist of 
the most delicate threads or shades of threads, it follows that 
these lines emulous of filaments are simple fibres, — ^fibres, 
namely, than which there is nothing more simple in die animal 
kingdom. But the simple fibre will come to be treated of 
separately in its own chapter. To tiie preceding may be added 
the remarks made in n. 190 above. But we must proceed in 
order, treating first of the tunics of the nerve, then of the 
membranes of the fascicles, then of the most tender meninges 
or delicate sheaths of the fibres, and, finally, of the ligaments. 

211. The tunic of the nerves, as is obvious to the naked 
eye and to the touch, is double or triple; for the outmost tunic 
may be easily separated from its trunk, but not the inmost, 
which is closely adherent. This tunic of the nerve is the dura 
mater itself, which is superinduced when the nerve, in the 
course of its exit from the brain, perforates the cranium, or 
when it breaks out from the dorsal spine through the spaces 
between the joints of the vertebra. This dura mater consists 
of two or three layers, which distinctly separate from each 
other when the mater invests the nerve, and also when it in- 
vests any of those sinuses which are called sinuses of the dura 
mater. That the dura mater is a double or triple membrane 
is recognizable by the touch of the fingers ; for if it be rubbed 
between the fingers in contrary directions, it is evident to the 
feel that the one layer as it were recedes from the other. This 



^t maj t>e remarked that the doubt suggested by the English 
word videtur translated it seems, words; it might equally well be 
does not necessarily imply the translated it is seen. 
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is still more clearly evidenced in the sinuses which are invested 
by the inner membrane and covered over by the outer. The 
same is also confirmed by the directions of the fibres of the 
dura mater, in that they do not run out in a like direction and 
order. Convinced by these circumstances, investigators assert 
that this mater is a double membrane, and some that it is even 
triple. That it is triple is not very far from the truth ; for there 
is an intermediate layer which is vascular, since arteries flow be- 
tween the two layers and join them together. Perhaps also this 
arrangement still persists in the ramifications [of the dura 
mater]. These layers of the dura mater are not easily separ- 
ated from each other, except in those places where necessity 
itself has laid down the law ; as, for instance, where the dura 
mater encloses the sinuses, and where it wraps itself about the 
nerves; in the latter, when unbundled, this is quite apparent, 
the outmost tunic being torn off or coming off almost spon- 
taneously, but not the inmost. 

212. But this tunic does not remain the same throughout 
the whole extension of the nerve in the body, as it was m its 
origin, but is changed and reformed. These points will be 
dealt with in the next chapter. A nerve's quality which shall 
be adequate to its functions in its extremities, depends not 
only on the enclosed fibres and their nature, diversity, posi- 
tion and quantity, but also on the investing tunic ; for it is this 
latter which tempers the forces of the fibres, that is to say, 
which tempers the degree of these forces. The cause of the 
quality must, indeed, be derived from the brain, whence is the 
beginning of tiie fibres and nerves, but it comes also from the 
body ; for principles and causes regard effects as though these 
were present in themselves, and were of a quality corresponding 
to themselves; thus the means, that is to say, the nerves, are 
formed in due ratio to the extremes. The quality of a 
nerve is therefore varied according to the use which the 
nerve performs in its extremity. Hence it follows that one 
nerve is never entirely like another. And this, according to 
every use in the extremes; and it becomes either a nervous, a 
muscular, or a tendinous tunic; that is to say, it becomes more 
or less active or passive. 
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818. But to resume. For the weaving of the tunic of an 
entire nerve every kind of vessel and every kind of fibre is 
used. Boerhaave is also of this sentiment; see what he says, 
n. 46, above. For there are little vessels, especially of the 
cerebrum where they are called the arterial vessels of the dura 
mater, which accompany the outgoing nerve, see above, n. 105 ; 
moreover, in the body also many vessels insinuate themselves. 
There are also the vessels of a middle nature, that is, vessels 
emulous of the fibre. Moreover, genuine fibres insinuate 
themselves into the tunics, and this especially in the ganglia, 
where they make a kind of turn, and where the old membrane, 
that is, the membrane of the brain, is put off and a new one 
put on, as will be shown in the following chapter. Moreover, 
all this is necessary to the nerve, which rouses up everjrthing 
m the body ; and, dieref ore, for the building up and mainte- 
nance of the nerve everything prior and everjrthing posterior 
must concur, in order that the nerve may act as the middle 
cause. 

814, And thus the nerve, before it emerges from the soft 
brain where it acts in the greatest freedom, is guarded by a 
sufficiently strong covering and defended by a breastplate; 
and this to the end that, when it lets itself into the field of 
motions and effects, that is to say, into the body, where reign 
inequalities, mutabilities, disturbances and discords, it may 
be immune from every danger. In the brain all things are 
tranquil, and as though in their birth, for there rule^ principles, 
forces, and causes ; but in the body are the ultimate effects and 
motions of the causes, that is to say, a more imperfect nature, 
see Transaction I., n. 615; and, therefore, also the two king- 
doms, that of the brain and that of the body, are held most 
distinct from each otiier. 

816. The tunic of the fascicles, which is not so obvious to 
the senses, is likewise double, — / dare not say triple. This 
follows as a consequence from the analogy of its compounds; 
for as is the case of a nerve in respect to its nervule, so here 
is the case of the nervule in respect to its fibre, which is a most 
simple nervule. The like also obtains in the cerebrum, cere- 
bellum, medulla oblongata, and medulla spinalis; moreover in 
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the muscles and glands, and also everywhere else in the body. 
For such as nature is in the greatest things and those obvious 
to the sense, such also she is in the lesser, yea in the least; 
and thus, such also in the fascicles, yea, in the -fibres, — Tvith a 
difference solely of degrees; and this rule so far holds good in 
superior things, that these must be extricated, explained and 
understood by means of analogies. Confer Trans. I., n. 629- 
632. The recognition of the tunic of the fascicles as being a 
double tunic is not opposed by the delicacy of this tunic, nor by 
its degree of consistency so nearly approximating to fluidity ; 
for substances, compounds, and series of purer nature know 
not what the hard and the solid is, as these come to our ai>- 
prehension by contact with the senses. Moreover, they may be 
fluent, and yet, among themselves, have concordance and con- 
sistency, for they are placed beyond every fear of lesion, and 
every chance of danger ; that is to say, they are set, as it were, 
in the state of their integrity, and in a state which is free for 
action and for passion.* For compound substances, which in 
themselves are mutable and of themselves uneven, nor ever 
consistent with each other, cannot act upon the more simple 
substances of which themselves are the compounds ; this would 
be contrary to nature, to every physical law, and to the de- 
crees of philosophy. But it is the simple substance, that is, a 
substance that is more simple than its compound, which acts 
into its compound. This is most evidently apparent in the first 
formation of the chick and the embryo; see Transacti<m I., 
n. 248. It is also apparent in the vesicles [of the primitive 
brain of the chick and embryo] ; for though these vesicles are 
most highly fluid, nevertheless, through them, paths are laid 
down with the utmost distinctness, whereby the spirit flows 
most distinctiy to its goals and its appointed ends; confer 
Transaction I., n. 313. These facts, however, do not prove 
that the tunics of the fascicles are double, but only that they 
may be double; still the similarity of the case in the glands, 
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muscles, and other membranes of the body would seem to 
lessen the doubt though it does not remove it. 

216. That the tunic of the fascicles is double, is declared 
from its first cradles; for as soon as the fibre is born from the 
cortex it joins itself with its companion fibres, near by or far 
off, which are of the same office, and, then, like fascicles, they at 
once enter under a loose tunic, that is to say, a fascia and close 
web contextured of vascular offshoots. This web [surround- 
ing] the fascicle discriminated into plexuses, is then continued 
through the whole medullary portion of the brain all the way to 
its boundary or meningeal surface; from this is drawn the first 
or inmost tunic which surrounds the fascicles and at the same 
time gathers together the scattered fibres. But when the fas- 
cicle thus introduced to its inmost or proximate tunic breaks out 
from the medullary stem of its brain, it covers and girds itself 
with the pia mater, and thus puts on a new and second tunic. 
That the new-bom fibres flow into a sheath compaginated of 
vascular offshoots, and this at a distance of hardly a few lines 
frcMn their origfin, see merely the plates of Bidloo, and Ver- 
hcyen.* That the little vessels of the brain form tunics around 
the fascicles and plexuses of the fibres which constitute the 
medullaryt brain, confer n. 128, 129, 196. From these and 
other considerations it may be concluded that there is noth- 
ing in brain and body which is not tunicated, that is to say, 
distinguished from its neighbors by tunics. Moreover, that 
the medullary fascicles before breaking through the pia mater 
and girding themselves with a second covering therefrom, are 
beset round about with a kind of tunicle, is apparent in the 



*Bidloo's plate is a view of a 
section of the cortex of the brain 
seen under the microscope. It 
shows a large number of cortical 
glands; below the mass of these 
glands a number of delicate lines 
representing fibres, are shown, 
which almost immediately come 
together to form about five or six 



fascicles or nerves. (Anat, Hum. 
Corp. Amster. 1685, plate x, fig. 
2, The same figure is also shown 
in Cowper's plates.) Verheyen's 
figure is like Bidloo's — though 
smaller. {Corp, Hum, Anat, 
Amster. 1731, tab. 34, fig. 6.) 

tThe Latin here is corticate 
(cortical). 
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Cauda equina, which is the last portion of the medulla spinalis; 
for the whole of this cauda is made up of fascicles and nerv- 
ules. These fascicles, even before they have reached the pia 
mater, are nevertheless covered with a tunic which they must 
have received from the medulla itself. These proofs make it 
manifest that the fascicles also are involved in a double tunic 

217. This pia mater is not a single membrane but a double, 
and, if we add the arachnoid, a triple. Hence it follows that 
the membrane, which surrounds the nervtdes or fascicles, now 
become the beginnings of the nerves, is at least threefold. 
That the pia mater is double, is asserted by some of the keen- 
est investigators as a result of their experience; at any rate 
from its inner surface are put forth an infinite number of 
shoots, like fibrils, while its outer surface remains intact. Its 
inner surface, therefore, is rough and appears to be beset with 
some mucous fluid, while its outer surface is smooth and even. 
This argues that there is some duplicature. The same con- 
clusion may be made from the arterial vessels which mark its 
outer surface. With respect to the arachnoid tunic, no doubt 
can be entertained but that it is extended through the whole 
of the pia meninx ; but as to the mode in which this tunic also 
involves the fascicles, — this will be seen below. 

218. From the above it is also apparent that the nerves are 
productions and continuations of the brain; for they carry 
with them not only its fibres and vessels, that is to say, the 
medulla, but also the meninges themselves, and, moreover, all 
those spirits that have their origin in the cortical substance; 
and also all other humors secreted by the cortex, and which 
work their way through the sieves of the medullary substance 
and are derived into the nerves. The vessels, as being more 
inert and reactive than the fibres, betake themselves to the sur- 
face, while the fibres, being active, betake themselves towards 
the axis, and to the centres. The humors springing from Ais 
living fountain, that is to say, from the brain, are derived into 
the interstices of the nerves. Thus the whole brain is present 
in the body, but like the nerves, it is there parted and distinct, 
in exact ratio to the effects at the extremes. 

819. The finest membrane, meninx or tender bark which in- 
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vests the single fibres, that is, which constitutes the channelet 
itself, seems also to be a twinned membrane if not a triple. 
For the inmost tunic of the fascicles puts forth shoots which 
enter into the single fibres and bind them together. The same 
conclusion is also deducible from its first origin; for the fibre 
arises from its cortical gland from which it is drawn out by 
continuity, and that this gland is girt about by a most delicate 
and soft meninx, is confirmed, albeit obscurely, by experience. 
Moreover, each cortical spherule, is, in least effigy, a gland, 
heart, brain, muscle; that is to say, is everything which per- 
forms any manner of office in the body. See Transaction II., 
n. 176-202, and also n. 144 above. This mater of utmost soft- 
ness, cannot but be produced into the fibre which is a continua- 
tion of its cortex. See Transaction II., n. 11 1, seq. But the 
finely subtle fibrillar substance which forms the body of that 
gland, and which likewise is drawn around the fibre by conr- 
iinuity, is its inmost membrane and lies under the former. 
Such an effect is an inevitable consequence of the connection 
and origin of the fibres from their cortical glands ; for there is 
no room for doubting, still less for denying the fact that these 
glands are corpuscles of a spherical form approaching to the 
oval, and that a corpuscle of this kind is contextured of the 
most delicate threads, which constitute its highly subtle medul- 
lary substance. A fabric or minute medulla of such nature 
must by all means be terminated in some surface covered over 
with the softest meninx, wherein, namely, it places its limits, 
and whither it extends the sphere of its forces. Add to this, 
that if the fibre be the continuation and elongated appendix of 
its cortex, then this most pure fibrillar or medullary substance, 
together with its softest meninx, must be carried over into the 
fibre. From the genesis of the fibre thus confirmed, it follows, 
that the fibre also is furnished with a double tunic. 

220. Thus the mode in which the nerves are tunicated, that 
is, are limited by tunics, is apparent; for it is fibres that con- 
stitute the medullary substance of each nerve, and vessels, or 
arterial and venous terminations, that constitute their tunics. 
See above, n. 144, 165, 166. The fibres are most highly active 
since they are the forces of the brain and body; while the ves- 
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sels whereof the tunics are made up, are passive, and relatively, 
are inert forces. See above, n. 138, 139, 140, 164. Thus to the 
nerves are given forces of a diverse disposition, to the end thai 
there may be those that act and those that react, that is to say, 
that temper, limit and restrain the c^titJities of the fibres; and 
this in such order that the impulses from the centres to the 
surfaces may decrease by their degrees. Such is the sphere 
and limitc^tion of the activity of fibres, fascicles and nerves. 
To the above it may be added, that the vessels of the brain, 
which, relatively to the fibres, are passive, or, what amounts 
to the same thing, reactive, beonne still more inert as they 
progress, so that in their ultimate ramifications they lose almost 
the whole of their reactive nature. For the origin of their 
motion is in the brain, and depends on the general animation 
of the cortex ; therefore they go off into stems that are entirely 
dead and are gifted with no power of reaction ; for nothing of 
the vital juice flows into them from any fountain, as into the 
genuine fibres, and the only thing that produces fluidity is that 
vital essence which is conceived in the cortical glands and is 
continually excluded by them. In order that nature may sup- 
ply this defect new vessels enter into these tunics in the body, 
and also into the nerves. 

221. There are ligaments which connect the several fas- 
cicles with each other, and the several fibres with each other, 
and also the nerves with the fascicles and the fascicles with the 
fibres, and bind them together to act as one. These ligaments, 
bonds or fetters, untied and plucked, as it were, from the in- 
ner layer of the tunic of some nerve, penetrate towards the in- 
teriors of the nerve and flow into the outmost tunic of an en- 
closed fascicle; and on the way they so ramify, that they bind 
the several fascicles together. So likewise there are ligaments 
extending from the inmost tunic of the fascicle to the outmost 
tunic of some fibre, — the case being not unlike what is seen 
in the brains, tendons and muscles. Authors make mention of 
having frequently observed thiis phenomenon in the nerves, and 
it is visible also in other compositions. 

222. These ligaments in the nerves are not continuous webs 
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or membranes; but they are discreted propagations and off- 
shoots which form septa and cellules between the fascicles and 
between the fibres, — and this with such contrivance and direc- 
tion that the humor circulates freely abound every fascicle, and 
around every fibre, solicitously guarding against their grow- 
ing together, and enabling them to keep their natural state and 
mutual situation and to be brought back thereto as often as any 
change is induced upon them. That this is what obtains in the 
tendons, has been set forth by Leeuwenhoek who has observed 
it: "I recently found (says he), that not only are tendons in- 
vested by a strong membrane, but that this membrane gives rise 
to little branches, and that these, luxuriating into new branches, 
form septa which again are dispersed into lesser tendons." 
(n. 41 ; see especially fig. 16.) That a large quantity of fat was 
found between the fascicles of the nerve, see fig. 2, and n. 206 ; 
that this fat is held in the cellules, is well known. The same is 
confirmed a priori or from principles. For unless the humor 
permeating the interstices of the nerves were frequently inter- 
cepted, it would be expelled out of doors and be dissipated at 
the first expansion of the fibre or fascicle, and thus would not 
be determined to the use intended by the brain in the fibre ; thus, 
with the flying away of the interstitial fluid the state of the 
fibre or fascicle would fail to be restored, and fibre would 
coalesce with fibre and fascicle with fascicle. Therefore, care 
seems to be taken that this circtmifluent humor, which likewise 
is reactive, and, relatively to the animal spirit enclosed in the 
fibre, is passive, shall press upon every point of the convex sur- 
face, just as the enclosed humor presses upon every point of the 
concave surface. We can make a rough experiment of this 
if we try to break a nerve by pulling it lengthwise or in the di- 
rection of the flow of its fascicles ; the ligfaments then cause a 
certain delay in the breakage, a number of them unfolding 
from the inner parts of the cord ; and this cohesion is sufficient 
arg^tunent for the colligations spoken of above. 

223. For fibres, which are the active forces of the brain and 
body, are continually endeavoring to induce change, but are 
as often restrained by circumfluent juices and tunics, lest they 
carry themselves beyond limits and the sphere of limits. Ac- 
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cordii^ to the general rule that every active force tends to a 
change of its own state, that is, of the state of the substance 
wherein it is ; nay, it would produce such diange were it not 
restrained by the contiguous parts. Hence is deduced the cause 
of all equHibrium in die things of nature, and of the loss 
diereof. 

S24. Froin the duplicatures of the tunics we cam also 
gather, that some lymph of an oily nature, or some subtle 
moisture flows between them, which anoints the points of 
juncture, and guards against their co(dition. Thus, in a cross- 
section of the nerves, there are seen other little passages and 
open commissures, not hitherto mentioned. Therefore it is 
clearly evident that in the nerves there is nothing that is not 
transpirable and perspirable. According to the teaching of 
Hippocrates. 

225. When these bonds are too greatly constricted, fibre 
coalesces with fibre and fascicle with fascicle, and the tunics 
stand open. For since the inner tunic of the nerve is colligated 
with the outer tunic of the fascicle, therefore, when the copulas 
or bonds between them become constricted, the duplicatures 
necessarily open out and amplify ; for the bonds bring the tunic 
of the fascicle nearer to the tunic of the nerve. Thus the per- 
meability is lost, and the nerve refuses to admit the juice of its 
brain. Hence comes lack of response, impotence of action and 
sensation, rigidity, fragility, old age, and finally death. Thus 
according as the structure of the nerves is more agreeable to 
the laws of nature, so it is the more transpirable, and also per- 
spirable, the more potent of action, and the more youthful and 
vivacious. 

226. On the other hand, when the bonds are too greatly re- 
laxed, or are ruptured, they betake themselves back to their 
tunics, and then fibre is disjoined from fibre and fascicle from 
fascicle, and the tunics are agglutinated together; hence an 
abundance of unordered humor flows in and stops up the m- 
terstices with serums, phlegms and fat; whence come various 
kinds of diseases both of the head and of the body. Of these 
we shall speak below. 
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227. For the interposed ligaments together with the tunics 
and their duplicatures enable each fibre and each fascicle of 
fibres to enjoy its own proper sphere of activity, within which 
it acts in the greatest freedom, though under the restriction of 
the law that, while it breathes its own good, it must also breathe 
the good of the community. That the fibre can act by itself, 
and the fascicle by itself, is a consequence following trom the 
mechanism of the duplicature of the tunics, that is to say, from 
the fact that the outmost tunic of the fibre is connected with 
the inmost tunic of the fascicle, and the outmost of the fascicle 
with the inmost of the nerve. The effect of the space between 
the tunics is, that they do not depend on the neighboring parts 
except so far as a similar and thus a common action is en- 
joined on them both by the brain. But because the outer 
tunic can recede from the inner no farther than is permitted 
by the neighboring parts, and, it may be, by the tiny ligating 
cords which pass between them, so each fibre, or each fascicle, 
must stand for the common good while it is standing for it- 
self or for its own good. For the most perfect life consists in 
this, — ^that all the parts live a common life, but, at the same 
time, that all the least individuals, each furnished with its own 
force of action, conspire to unanimity; and therefore over 
them all stands one queen, — the soul. Thus here, as in all 
other places in the animal kingdom, is represented the entire 
form and state of a society and republic. For when these 
bonds are loosened the communion is destroyed, and each fibre 
works for its own cause, and each fascicle for its; and then 
the brothers, disjoined from each other, easily become dis- 
cordant, yea, and rebellious; hence the State is overthrown, 
and the Kingdom dissolved. This is the sole cause of old age 
and of death, after the Fall. For as often as the pleasures of 
the body and the affections of the animus make war with the 
desires of the ends of the mind, so often are the beginnings 
of the fibres, which lie in the brains, made to suifer, and the 
ligatures everywhere either relaxed or constricted; and straight- 
way too much or too little of humor is transmitted; the ani- 
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mal spirit also and the blood are disturbed, and admit unsuit- 
able elements whereby they are defiled. Thus it is nothing else 
than the intrinsic discord between the forces and the subject 
parts in ourselves that hastens our years into old age, and this 
into death, — just as in societies, kingdoms and great empires. 



CHAPTER XII. 

THE CONJUNCTIONS AND PLEXUSES OF FIBRES, FASCICLES AND 

NERVES IN BRAIN AND BODY. 

its. In the organic body are the most wonderful anas- 
tomoses and intertwinings of fibres, fascicles, and nerves, so 
that the organic body is as it were a perpetual plexus made 
up of an infinite number of minute plexuses. It is the fibre 
that spontaneously flows into such plexuses in the brains; the 
fascicles of fibres, outside the brain but within the crcmium 
and the vertebral sheath; and the nerves, in the body. But 
the nerves again split up into fascicles, and these into fibres, 
and these go off into reticular plexuses, webs, and organic 
forms, which correspond to the plexuses in the brains, as an 
effect to its causes and causes to their principles. But let us 
take up these points one by one. 

229. As regards the Fibres : These straightway intertwine 
and connect with each other, as though they feared to progress 
far from their origin alone. They mutually consociate as it 
were into fascicles, and commit and pour themselves into 
some sheath which likewise is a mesh made up of vascular 
ramifications. Thence they proceed after the manner of fas- 
cicles; frequently also they split up into plexuses, which yet 
are coherent with each other; that is to say, one is continued 
into another, not unlike what obtains in a spongy structure. 
For from its universal cortical circuit, both anterior and pas- 
terior, nay, from its penetralia, glands, tubercles, and ventri- 
cles, the cerebrum sends out fibres which come together in the 
medullary globe or centrum ovale. Thus fibre runs along 
with fibre, and fascicle with fascicle; and they intertwine with 



CONJUNCTIONS AND PLEXUSES OF FIBRES. 143 

each other, and then recede and unfold. Hence arise anas- 
tomoses and plexuses. Who can guess the manner or the 
frequency with which the fibres mutually consociatef or the 
origin of the gathered fibres? whether they come from differ- 
ent hemispheres? from the base of the brain, or from its ver- 
tex? from its margins or from its medullas? or whether, simul- 
taneously, they come from the corpora striata, which likewise 
put forth an abundance of fibre, and distribute it round about? 
But to resume: There arise as many nodes and mattings as 
there are plexuses, whence arises a common node contextured 
of least nodes, and irresolvable. As regards the fibres of the 
corpora striata they seem to be intertwined with the fibres of 
the cerebrum round about, and especially to be woven in with 
those that go down into the medulla oblongata on its ante- 
rior part. This may be confirmed by many particulars. ♦Any- 
one who is acquainted with the figure of the cerebrum, and 
with its division into tuberosities and ventricles, will ac- 
knowledge the circumflexions and windings of its fibres and 
tiie intertwinings arising therefrom. But although it pro- 
ceeds by windings, yet each fibre tends to its companion fibres 
by the shortest path, and seeks out these companions, where- 
soever they be, and foregathers with them. 

ISO. Again, the fibre of the cerebrum which is carried down 
into the medulla oblongata, joins itself with the fibre of the 
cerebellum in the annular protuberance and in the neighbor- 
hood of the fourth ventricle, and the two are wonderfully en- 
twined with each other. Thus, the medulla oblongata reduces 
those great and living twin globes, the cerebrum and cerebel- 
lum, into concord and association of office and motion. See 
above, n. 98. 

881. Moreover, this fibre goes down into the medulla 
spinalis, and binds and decussates with all the fibres that spring 
from its axis. For the fibres of the cerebrum and cerebellum 
run down the spine in the direction of its length, while the 
fibres proper to this axis run out perpendicularly, obliquely, 
and spirally. Thus the one fibre necessarily touches, crosses, 
and binds doTvn the other; nay, very frequently the fibre of 
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one side crosses over to the other side. Hence results such a 
matting together that the spinal fibres depend on the fibres of 
the head, and all on the fibres of the cerebrum, and they are 
so bound together that not one of them is capable of doing 
anything for itself, unless at the same time it acts for the 
common weal. Moreover, as a further result, the structure is 
the more firm and the more protected, the more it is stretched, 
and exercised, that is, the more readily it is excited into not- 
ural motions. For this reason the whole medulla of the en- 
cephalon is one continuous plexus and one inextricable node, 
wherein is not a thread which is entirely of its own jurisdic- 
tion unless at the same time it be under the jurisdiction of 
another and of all. Who then would surmise other than that 
there is not a single nerve nor the beginning of a nerve which 
does not derive something of its origin or something of its 
nature from both brains and at the same time from both their 
medullas F This is openly supported by Boerhaave ; see above, 
n. 45, 46, 47, [48]. 

232. As regards the Fascicles of fibres: Issuing from the 
medullary stem singly and in scattered order, they mutually 
unite into bundles which finally become nerves under a com- 
mon tunic, that is, under the dura mater. It is well worthy of 
note that one fascicle, — now called the beginning of a nerve, — 
searches for another and seeks it out with such foresight and 
keenness of vision, that it bends around in circuits, spires, and 
windings, now bearing downwards and now upwards (as for 
instance, from the cervical spine through the great foramen 
of the occiput [n. 117]^* and on the way, it climbs over many 
other fascicles and passes them by, as though it knew the ones 
with which it was about to live in society as fellovhconsorts in 
the same office, what their quality, and where they were to be 
found. Thus each single fibre foresees all thai it is about to 
do in the extremities; and it holds this steadily before its sight 
as though itself were present in the effects, even whUe it is in 
its principles, causes, and naked potency. G>nfer Trans. I. 
n. 260-269. 

288. Finally, as regards the Nerves: These form anas- 
tomoses and plexuses in the body in almost the same way as 
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ike fibres do in the brain; and this for the sake of a contin- 
uity of cause; namely, lest the marriages of the fibres, happHy 
entered into in the brain, be broken up by the divorces of the 
nerves in the body; and, on the other hand, that these mar- 
riages may be reintegrated by new conjunctions. For as soon 
as the nerves, after piercing the cranium and the vertebral 
bone, penetrate separately into the kingdom of the body, then, 
like brothers come forth from the womb of one mother and 
who are still nourished by her twin breasts, they rush, one into 
the bosom and embrace of the other; they come together in 
a body and tunics; they again separate; then return and 
renew their loves; and so on, from time to time, as though 
they would enter into counsel as to what they should do, and 
would mutually exhort each other to stand in concord, despite 
the departure of each of them to his own assigned province, 
that is to say, to a muscle, an organ, or a gland. Thus the 
ultimate fibre of the spine again commingles with the highest 
fibre of the head, and the next following fibres with the medi' 
ate; and they carry out in the body those connections which 
they had set out to accomplish while they were still in the brain. 
But to expound the several modes and numbers of these inter^ 
weavings, and to enter into their ratio, is a work of many 
^g^^, of many men of genius and of many pages. 

234. Moreover, there are in the body many reticular 
Plexuses: namely, the two pulmonary plexuses, the two car^ 
diac, — the greater and the lesser, — the stomachic, or rather the 
coronary, the three mesenteric, the splenic plexus, the hepatic, 
and the two renal plexuses,"^ not to mention entire fascias or 
bonds which are in like manner plexiform. For sometimes 
the nerves or a single larger nerve is broken up into lesser 
nerves, and these connect and knot with each other at little 
distances, thereby producing quadrangular or polygonal areas 
after the manner of a fishing net. For a larger trunk, wherein 
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a number of Abres and fascicles are compacted and bound to- 
gether by bonds, seems to enjoy a freer How when it is split 
up into finer, and at the same time softer [nerves and iU)res], 
for it then transmits its spirits and humors with greater expe~ 
d^ion, and, in the extremities where they are Hnaily distributed, 
it exercises its forces with greater certainty. 

236. There are moreover similar plexuses of fascicles and 
abres in the sensory and motory organs, as in the tongue, the 
eye, the ears, the cuticles, and in the several membranes and 
muscles. For the organic parts of the body are so numy v/tbs 
and plexuses of fibres and vessels, it bemg merely their 
form that makes the effects to be such as are presented 
to view. For since the fibres are so many forces, and since 
no fibre, and hence no force, is absolutely like another, there- 
fore, from the coalescence and tempering of such fibres and 
forces, there is produced in the extremities a form which is 
called organic, and from the actuation of which, results that 
effect which is represented as form in the idea* of the mimL 
By reflection we notice this in our own persons ; and we have 
also the testimony of experience in the observatioas made upon 
the bodies of embryos ; see Trans. I. n. 267. 

0S6. Each single nerve is one series and signifies some gen- 
eral action, either simultaneous or successive, because it pro- 
duces such action. For action belongs to the muscles, and 
these owe their faculty of action to the nerves; the nerves to 
the brains; the brains to the cortical substances, and these to 
the soul. Thus, by means of cortical substances, fibres, nerves, 
and muscles, the soul produces that action, of which itself 
cherishes the idea. Fibres, therefore, are, as it were, the rays 
of its intellectual light, whereby that is represented to it as 
present, which in actuality, is distant. Every single action, 
whether simple or compound, is the joint product of forces of 
divers qualities and quantities, that is to say, of divers na- 
tures; consequently of divers origins. In order therefore, for 

*It nuj be noted that the word the classics the word is naed 
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the existence of an action conforming with the idea repre- 
sented, the fibre is collected from divers points of the en- 
cephalon. This is the reason for the so numerous anastomoses 
and plexuses, both in the region of forces, that is, in the brain, 
and in the region of actions, that is, in the body. 



CHAPTER XIII. 

THE GANGLIA OF THE NERVES. 

287. The nerve, especially the intercostal, sometimes tumes- 
ces. These tumescences are called ganglia, ganglions, ganglp- 
form plexuses, nodes, tumors, and olivary bodies of the nerves. 
For the most part they are of an oval shape furnished with 
tendinous extremities, that is, with head and tail, just like the 
muscles. They are larger, as for instance the semilunar 
ganglia; and smaller, ay for instance the barley-shaped ganglia 
of the spinal nerves. They vary in consistency, color, volume, 
and number. While arising from the combination of a num- 
ber of nerves, they are for the most part implanted in the 
trunk of some one. They are contextures and meshes of 
arteries, veins, and fibres, — nervous, fleshy, and tendinous, — 
and also of a number of membranes. According to the search- 
ing investigations of Lancisi, whose entire description has 
been premised above, n. i6, for the purpose of this chapter,* 
the superior cervical ganglion of the left side is enclosed in 
three membranes which are slightly increased and thickened 
by the accession of fibres. The outer of these membranes in- 
vests the ganglion loosely, like the tunica vaginalis invests the 
testes, and by compression of the fingers the enclosed body can 
be pressed out like a kernel. On the outer side it is woven of 
reddish fibres ; and on the inner side it is lubricous, being mois- 
tened by a mild humor like that of the pericardium. The sec- 
ond tunic, which invests the ganglion somewhat closely, con- 
sists of tendinous fibres which are more complicated and co- 

*In the Latin the rest of this paragraph is printed in italics. 
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herent with each other. The third tunic, which Landsi calls 
the circular tendon, consists of a tendinous substance firmly 
united to the body of the ganglion, its fibres being contiguous 
to the fleshy fibres. In the ganglion when boiled and divested 
of its tunics, he found on the outer surface a kind of nervous 
network tenaciously entwined in its membranes. Under this 
network, and arranged in beautiful order, are seen fleshy fibres 
extending from the vertex to the lowest point Moreover, 
emerging from the intermediate commissures of these fibres, 
are found innumerable fibrils which are joined to the inner 
tunic. The upper vertex of the ganglion, commonly called the 
punctum immobile, is attached to tlie bony fulcrums of the 
vertebras and cranium by nerves and membranes. Into this 
cervical ganglion, just as into other ganglia, are admitted not 
one, but many nerves; of these, some penetrate the ganglion 
directly from above, some transversely to the belly and sides, 
and some obliquely. Most of them go to the internal sub- 
stance of the ganglion, but some are dispersed through the 
membranes only. Those that go to the internal substance, 
appear to be slightly tinged with a sanguineous color, while the 
others are white. The blood supplied to the ganglia comes 
from the neighboring arterial and venous trunks; and this, 
together with the medley of nerves, constitutes a mass, which 
nevertheless always appears larger than its ingredient bodies 
and vessels would seem able by themselves to form. 

238. From the anatomy of this ganglion we learn the of- 
fices of the other ganglia. For the fibres of the nerves lie so 
compacted within their tunics, and the fascicles of fibres within 
theirs, that unless they be unfolded and loosened on the way, 
it would be impossible for them to pour forth their liquid in 
that abundance, which the viscera, by reason of their exceed- 
ing activity, continually and urgently demand; for in order 
that the latter may live in the performance of their work, they 
demand a continuous stream, and one that is nowhere checked. 
Therefore, in these ganglia, the nerves loosen up their beds, 
and being thus gifted with freer expansion, propel their Huid 
onwards. For the ganglions are muscular, being furnished with 
similar membranes, fieshy fibres, tendinous extremities, belly. 
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and longish figure [as the muscles]; so that when they con- 
tract they draw up the continuations of the nerves, and when 
they unfold they relax the nerves; and they do this distinctly 
to the whole nerve, distinctly to the beginning of the nerve, and 
distinctly to the fibres of the fascicle. 

239. Thus the ganglia, which are the vehicles for the Auid 
of the nerves, may be called little succenturiate brains, and at 
the same time aids to the lungs in the promotion and trans- 
fusion of the nervous juice throughout the whole kingdom. 
For the ganglia are attached to the vertebrce (W to bony ful- 
crums which are vibrated and moved at every turn of the pul- 
monary respiration; consequently the appended ganglia are 
likewise excited to their contractions and expansions, and by 
these movements the nerves also are drawn up or stretched 
out, and the nervous juice forwarded through them in a won- 
derful way. In Trans. II., Chap, i [On the Motion of the 
Brain], and also in Chap, ii, n. 172-175, I have endeavored 
to show that the lungs breathe and animate synchronously 
with the brains, and this for the reason that the spirit may 
thereby be more expeditiously promoted through the fibres, 
and the juice through the fistular structure of the nerves. 
For the brains inspire the single fibres, that is to say, they 
excite them severally to action ; and at the same moments, the 
lungs either stretch or draw up the fascicles of fibres. Thus 
the lungs add to the fibres an external and general force, while 
the brains inspire into them an internal and particular force. 
For each single fibre, when swollen and filled with spirit, con- 
tracts from its former longitudinal extension, and becomes a 
shorter canal ; since, however, the action is a general one, this 
is not easily accomplished without an external or pulmonic aid 
whereby the nerve is relaxed simultaneously. As to the mode 
in which the lungs concur to the transfusion of the nervous 
juice throughout the body, this is dome with manifold skill. 
But a recountal of the several modes does not belong to this 
place. Let us therefore keep to the subject of the ganglia. 
For the most part these are set near the vertebrae and affixed 
thereto, — ^like the barley-shaped ganglia of the spinal nerves, 
and the semi-lunar ganglia of the intercostal nerve ; and there- 



ISO THE FIBRE, 

fore, when the brain and the medulla spinalis act upon the 
fibres, the lungs at the same time, by their expansion and con- 
traction, act upon the vertebral column and inflect or twist it. 
The ganglia which lie at the junction of the vertebrae, to- 
gether with the fibres attracted to them, cannot but be excited 
into a similar motion, whereby the nerve proceeding from them 
is either relaxed or extended. See the whole mechanism ex- 
plained above in Trans. II., n. 32, 33. 

240. Moreover, the ganglia also effect an entire change on 
the nerves that flow in, in respect to their surface, tunic, 
and medulla; and they instruct and reform them according 
to every use and series of actions in their extremities. For 
the nerves that come forth from the ganglia seem therein to 
have laid aside their old tunic, that is, the dura mater, 
and to have acquired a new one; for they come forth clothed 
with a tunic which is either muscular, or nervous, or tendinous. 
The dura mater cannot perpetually or for any long time act 
as a tunic around the nerves, since it is made up of vessels, — 
both its own vessels and those reflected from the body and 
changed over into tendinous filaments; and by degrees, as these 
vessels are ramified and recede further away from the origin 
of their motion, that is, from the heart and brain, they become 
finer and at last vanish. This is contrary to the opinion of 
Baglivi, [De Fibra Motrice, Chap, v] , who holds that the dura 
mater is not only the principal cause of the motion of the heart, 
but is also the origin of its fibres, in that the one position fol- 
lows from the other. For in order that the dura mater may 
incite the muscle of the heart to the execution of its alterna- 
tions, it is necessary that a fibre spring forth therefrom, which 
shall actuate the motor fibre, or shall act upon the motor fibres. 
That the dura mater, however, is not continued entire around 
the nerves beyond the ganglia, is clear from the description of 
the latter. For the outmost and inmost tunics of the ganglia 
are perforated by fascicles and by gpreat numbers of gathered 
fibres; and the fibres themselves, both the genuine and the 
sanguineo-motory, enter deeply into these tunics and interpose 
themselves between them. This is exhibited still more con- 
spicuously in the outgoing nerves; for among these are seen 
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nerves whose tunics are white, somewhat hard, and tendinous, 
others whose tunics are sanguineous and muscular, and others 
with nervous and active tunics. Thus the old meningeal tunic 
ts most certainly reformed into a new and different tunic. 
Add to this that innumerable vessels penetrate the structure 
of the nerves, and if, according to the theory of the preceding 
chapters, the ofiice of these vessels be the weaving of tunics, 
here certainly, their office should be the restoring of tunics, — 
a work which the fibres themselves cannot do, inasmuch as 
they are not ramified like vessels. That the dura mater is con- 
textured of vessels and not of fibres, cannot indeed be demon- 
strated in a few words, but it comes for demonstration in the 
Transaction on the Dura Mater.* For the present we merely 
remark that this gross meninx consists of a two-fold layer, 
and that its threads are of a tendinous nature and therefore 
ligamentary, being by some anatomists called muscular. 
In this matter, all anatomical investigators are in agreement; 
that is to say, that the nature of these threads is like that which 
is usually taken on by vessels when deprived of their blood, as 
for instance the umbilical and other vessels. This can also be 
confirmed by the fact that the dura mater in the infant is irri- 
gated by an immense number of vessels which afterwards be- 
come tendinous; and by the further fact that the dura mater 
is a somewhat passive, resistant, and gross membrane, being 
furnished with no self-power of action. Then again, these 
vascular cords which have become tendinous, are continued 
from the corporeal vessels by some path thus far unknown, — 
of which we shall treat in the above mentioned Transaction. 
The arteries of the dura mater, from which it derives the 
principal part of its activity, run between its two layers, and, by 
continual ramification, finally become exsanguineous ; so like- 
wise these vessels when the dura mater is continued over the 
nerves. The arteries of the dura mater depend in particular 
on the expansion and constriction of the heart, and in general 
on the expansion and constriction of the brain, thus on a two- 
fold origin of motion, as may be seen in Transaction IL, Qiap. 



♦CI n. 168, and sec the Brain, n. 198L scq., particularly n. 202, 257, 
J86a seg. 
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t, i lo, [n. 55 seq.]. Therefore, in p roportioo zs they recede 
lortfaer away from these origins of modon, so most ihcy be 
gradnallj rendered finer, and at last pass o£F into secretory 
tubnks, — as is die case widi the arteries in all parts of the 
body. Therefore die dura mater is not continued around the 
nerves, bat is reformed in die body, and indeed in various 
ways, according to every ratio of actions in the extremes; 
of which actions, one demands a nerve famished widi a mas- 
colar tanic, and another, a nerve furnished with a ten- 
dinous tunic; for in the whole animal microcosm there is not 
a single nerve that is tunicated exacdy like another. But the 
tunics, not only of the nerves but also of the fascicles, seem 
to be renovated. For the arterial and venous vessels of the 
body enter into and penetrate the nervous trunks, and Haw 
longitudinally with the fascicles and fibres, and also bisect the 
nervous structure both obliquely and transversely. That in 
die structure of nerves are found many arteries and veins 
which continually split up into branches and f requenUy per- 
forate the nerve transversely, is often mentioned by Leeuwen- 
hoek in the observations premised to this Transaction. These 
vessels can perform no other use than the restoring of the anti- 
quated and disappearing tunics; for the fact that tunics are 
made up of vessels and threads of a passive character, has been 
pointed out above ; and also that they secrete a juice and pour 
it in between the fascicles, and perhaps also between the inter- 
stices of the fibres lest these grow together and lest the glands 
be deprived of their fluids from which are prepared menstrua 
and animal juices of every kind. It was also observed above 
that bloodvessels are of a passive nature respectively to fibres, 
which are most highly active; and that vessels form tunics and 
at the same time ligaments; also that vessels ramify, but not 
fibres; from all which it follows, that, in respect to their tunic, 
the nerves must be reformed in the body in order that a due 
ratio may be preserved between their action and reaction all 
the way to the end of their extension, that is to say, to the 
effect in their extremities. 
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CHAPTER XIV. 

THE VARIETY OF FIBRES^ FASCICLES, AND NERVES. 

241. No fibre, no fascicle of fibres, and no nerve is abso- 
lutely like another, but is varied both in species and in part. 
The fibre which is born of the cerebrum is of one quality, that 
which is bom of the cerebellum of another, and that which is 
bom of the medulla oblongata and medulla spinalis, of still 
another. Yea, neither do the fibres of the cerebrum agree with 
each other in all their predicates, — there being differences be- 
tween each one of them. So likewise between the several 
fibres of the cerebellum, and between those of the [medulla 
oblongata and] medulla spinalis. For between the cortical 
glands which are the genitors and nurses of the fibres, there is a 
perpetual variety which we call an harmonious variety. Hence 
a like variety is passed on to the offspring, that is, to the fibres; 
for the fibre inherits the nature of its parent gland. Every 
fibre is begotten and moulded, yea, and bent, to some use in 
its extremities; and in every part of the corporeal system the 
use is varied. Wherefore the fibre derived to the motory or- 
gans, is of one nature, and that derived to the sensory organs, 
of another; that is to say, one kind of fibre is derived to the 
eyes, another to the ears, another to the tongue, nostrils, cuti- 
cles, another to the trachea, another to the stomach, intestines, 
lungs, heart, mediastinum, liver, pancreas, spleen, loins, soles, 
elbows, palms, and, in fact, a different kind of fibre to every 
least portion of these parts. Hence also it follows that each 
single fascicle composed of fibres of such diverse nature, and 
likewise each single nerve, has a specific difference from other 
fascicles and nerves. Effects in the extremities correspond to 
causes in the beginnings; thus organic parts in the body to 
organic parts in the brains. Hence comes the variety of the 
fibres, which are intermediaries and accommodate themselves 
to both ends. The variety which obtains in the several entities 
of all the kingdoms of the world, the animal, vegetable and 
mineral, yea, and in the circumfluent or atmospheric world, is 
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a necessary quality or attribute of universal nature, which is 
averse to all equality and identity, shrinking therefrom as from 
something destructive of herself; for without variety, there 
exists in nature, neither thing nor quality. Hence come the re- 
lations, respects, ratios, harmonies, equilibriums, forms, and 
beauties of the things of nature; in a word, their perfections, 
if the variety be harmonious, and contrariwise, if it be inhar- 
monious. Respecting this variety see Trans. I., n. 602, 603, 
604, 60s, and Trans. II., n. 312-316. Wolff is of the same 
mind; for he says "That world is more perfect wherein is a 
greater variety of things consentient. For if, in a world, the 
variety of things which are mutually consentient is greater, 
then more things would be observable in that world than in a 
world where the variety was less. And therefore, since that 
world is more perfect wherein is a greater number of things 
observable, it certainly follows, that that world is more perfect 
wherein is a greater variety of things consentient" {Cosmo- 
logia, § 552). The superior and more perfect entities of na- 
ture excel over other entities in the fact that they are more 
susceptible of variety, and hence are more apt for an accidental 
change of their state, but not for an essential change. 
Hence comes the perfection of forces and modifications, and 
their potentiality of being the causes of infinite varieties in 
things posterior. But this accidental change derogates and 
takes away nothing from the essence and the attributes there- 
of. Wherefore this most perfect mutability possessed by supe- 
rior entities goes ever hand in hand with a most perfect con- 
stancy in ever remaining in their own form and essence. But 
the question is asked. What is an accidental change, and what 
an essential ? Let us learn by examples. A circle or a spher- 
ical globe suffers accidental change when it is expanded into 
a larger circle or sphere, or compressed into a smaller ; for the 
circular or spherical form, that is to say, its essence, still re- 
mains. But if the circle is changed into an ellipse or cydoid, 
and still more if it is changed to some polygonal and angular 
figure, then it undergoes an essential change, for it no longer 
remains a circle. So also in other things, as in the atmos- 
pheres and the parts thereof, which, howsoever expanded or 
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constricted, suffer none but accidental changes; but if they 
change their form, they change also their essence, and then 
these parts no longer remain atmospheric, modifiable, and elas- 
tic A muscle when it contracts and dilates undergoes none 
but accidental change, — ^and so with the brain, heart, lungs, 
when they perform their systoles and diastoles; for whether 
they be more ample or more constricted, they are still muscles, 
brains, heart, lungs, — ^which would not be the case if they were 
changed essentially. The cortical gland undergoes accidental 
change at every alternation of its animation, and also accord- 
ing to the several modes of sensation, — for the cortical cere- 
brum is the common sensory; but if it can no longer be ex- 
panded and constricted, that is, can no longer draw its breath 
nor any longer receive sensations, then in that degree it is 
said to undergo an essential change. So likewise the fibres, 
in that they are minute canals, which, whether wide or 
narrow, long or short, nevertheless remain fibres; for these 
varieties arise from some accidental change, nor do they dero- 
gate anything from the essence and natural form of the fibres ; 
nay, the latter are the more perfect, the more readily they are 
able to undergo these changes, that is, the more tender and soft 
they are. Thus there are no elastic corpuscles which do not 
yield at the least attacking force, and then straightway return 
to their own state ; thus they react, altogether as they are acted 
upon, but do not readily undergo essential change. Such are 
the entities of superior nature, that is to say, primitive entities. 
242. And now to enumerate the varieties themselves: 
Fibres are in general, more or less soft or hard, ample or 
narrow, to say nothing of their being long or short. This is 
evident from the very anatomy of the fibres in the brains. For 
the fibres that go to the organs of the senses are softer, and 
those that go to the muscles are harder ; wherefore the former 
are called sensory nerves, and the latter motory nerves. The 
nerves of the fifth* and seventh pairt consist of both kinds, as 
also is the case with several other nerves, according to the 
observations of Ridley [n. i8 fin.]. Sensation requires a 

*Now called the trigeminal. nerve, and the soft portion the 

fThe hard portion of this auditory. 
nerve is now called the facial 
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more tender consistency in the nerve, but motion a harder; 
for the effect and use in die extremities corresponds to tiie 
causes, and, if I may so speak, to die intuition of ends, in the 
beginnings. Thus the fibre, which acts as the middle cause, 
is accommodated equally to both ends. Their tunicles or met^- 
inges likewise, — these being either tender or gross, and coher- 
ing either loosely or strictly. The animal spirit itself, which 
flows through the fibres, is never absolutely the same in the 
fibre of one subject as in that of another, as wUl appear from 
the genesis of this spirit as shown in the following Transac- 
tion;* and according as is the fluid which flows through a fibre, 
such also is its tunicle, for the one has been and is accommo- 
dated to the other. For, as the tunic of the artery is formed 
to the nature of its blood, so [the tunicle or] highly delicate 
surface of the fibre is formed to the nature of its fluid. Thus 
the tunic and its enclosed fluid constitute one vessel, and act 
as a single cause; see above, n. 151, 152, and Trans. I., n. 134, 
135. If therefore the humor is everywhere varied, the fibre 
also must be varied. So likewise that chastened humor which 
permeates the interstices of the fibre. Respecting this humor 
see above, n. 192, 194, 197, etc. Fibres, therefore, transmit a 
better or a meaner juice or spirit, and this either quickly or 
slowly, and in abundance or sparingly. But to resume: The 
softer the fibres and the more nearly they approach to the na- 
ture of a fluid, the more susceptible are they to accidental 
change, which is their protection, and the more apt for acting 
according to their nature. In first infancy, and also near their 



♦See the little work on the 
Animal Spistt (in Posthumous 
Tracts), particularly Chapter iii. 
It would appear from this refer- 
ence to "the following Transac- 
tion" as treating of the Animal 
Spirit, that the present work was 
written after the plan of the 
Animal Kingdom had been 
formulated. For in all the 
sketches of the contents of the 
lix Transactions that were to 
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find that Part ix was to deal witii 
"The Cortical and Medullaiy 
Substance; the Nervous Fibre; 
the Motor Fbre; the Animal 
Spirit." 
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origin, they are most exceeding soft and open, but in the de- 
cline of age, and at a distance from their origin, they are 
harder and more constricted. These varieties are indeed few, 
but inasmuch as the degrees of expansion and constriction, and 
of softness and hardness, are almost infinite in these least sub- 
stances of animal nature, therefore the varieties cannot be 
limited by number. For one degree in things compound em- 
braces myriads of such degrees in things more simple. Con- 
fer Trans. I., n. 290. It should be known that the differences 
of varieties in more simple substances are fewer in number 
because such substances are more universal; wherefore they 
do not admit of specific differences except such as, relatively 
to compound or posterior substances, must be called generic. 
But as to the manner in which such more simple substances are 
susceptible of infinite accidental changes, see Trans. I., n. 602- 
606, and Trans. II., n. 312-316. 

S43. Fascicles, which are nothing but aggregations of fibres 
of this kind, derive their nature from their constituent fibres; 
as, that they are more or less soft or hard, ample or constricted, 
long or short. But in fascicles many accidents are added, 
which are extrinsic to the fibres, but intrinsic to the fascicles. 
Such for instance as the number, size, figure, situation, space, 
etc., of the fibres, — all which are accidents whereof the essence 
of the compound entity consists. But in order to the exist- 
ence of accidents, substances are required, which, inasmuch as 
they constitute a compound, must be called simple substances. 
Assuming then that the fibres which compose the fascicle, are 
such substances, it follows, according to the rules laid down by 
Wolff in his Ontology, that "Compound entities are the ag- 
gr^^tes of substances" § 793. That "Accidents cannot ex- 
ist without substances" § 791. That "The essence of a com- 
pound ens consists of nothing but mere accidents" § 789. 
And that "In a compound ens there is nothing substantial ex- 
cept the simple entities" § 792. And although the fibres in 
fascicles are not truly simple entities such as are referred to 
by the distinguished philosopher, yet they here represent such 
simple entities inasmuch as they are the most simple parts that 
are visible. Nevertheless the fibre consists of its own con- 
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stituent substances which are still more simple and in respect 
to which the fibre is a compound entity ; and these substances 
again consist of their constituent substances and at last of the 
most simple substances of nature, that is, the first substances 
of the created world. Such substances, however, cannot be said 
to proximately compose a fascicle of fibres, but only most re- 
motely, and indeed by means of many degrees. Therefore, ac- 
cidents are here predicated only of such substances as enter 
into and form the compound immediately; as, in the present 
case, the number of the fibres, and the resultant size and situ- 
ation of the fascicle, whence come the form and figure both of 
the whole fascicle and of the interstices between the fibres. 
And in order that it may be held in its natural situation there 
is required a nexus and ligation; and moreover, a sur- 
face which shall so limit the compound that while the fascicle 
is preserving its essence and determination, each single fibre 
does the same thing. Fascicles therefore are made up of many 
fibres or of few, — consisting either of some hundreds, or of 
fives, or of pairs; they are made up also of fibres of different 
natures, and at the same time of arterial and venous vessels and 
of a greater or less abundance of such vessels. The tunics of 
the fascicles are more or less coarse or fine, hard or soft, and 
more, or less elastic, active, muscular, sanguineous, fibrous, 
tendinous, passive, friable, and inter-coherent, since they are 
triple membranes. So likewise the very ligaments which pene- 
trate from the inmost tunic of the fascicle to the outmost tunic 
of each fibre. See above, n. 221. For these ligaments are 
more or less dense or open, continuous or discrete, few or 
many, yielding or rigid, elastic and active or resistent and pass- 
ive; and they interpose themselves and colligate the fibres more 
or less tightly or loosely. The interstices in and between the 
several fascicles and fibres are varied in like manner. The 
serous humor which permeates the interstices is never abso- 
lutely the same in one subject, or in the nerve of one subject, 
as in another; for it is more or less tenacious or fluid, fatty or 
watery, impregnated with homogeneous or heterogeneous ele- 
ments, abundant or sparse, cold or hot, heavy or light; and so 
likewise with that oleaginous fluid which flows down between 
the tunics. 
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244« Similar and still greater varieties occur in the Nerves^ 
For all differences pertaining to the fibres produce variety in 
the fascicle, and all differences pertaining to the fascicles pro- 
duce variety in the nerve, which is an aggregate of fascicles. 
There are now added varieties which are proper to the nerve 
itself, arising from the situation, nexus, siee, and number of 
the fascicles, and also from the common tunic; which varieties 
are again as many as those recounted above in speaking of the 
fascicles. To these are added varieties of anastomoses, and of 
plexuses, reticular and gangliform. The number of the varie- 
ties is inexpressible; for it arises from every variety peculiar 
to the nerve, traced back to every variety peculiar to the fas- 
cicle, and this traced back to every variety peculiar to the fibre. 
And therefore, since there is so great variety in the nerves, so 
great in the fascicles and also in the fibres, there certainly re- 
sults from the continual multiplication of these varieties, a 
quantity that is unassignable. Here we find something similar 
to what occurs in geometrical series, as when we wish to find 
out in how many ways the letters of a given word, or the num- 
bers in a given sum, can be transposed. But the varieties in 
compound entities, and, in the present case, the varieties in the 
nerves, are such that they can hardly be compared with the 
varieties in more simple entities. For each variety has its 
maximum and minimum. In compound entities, the degrees 
cf varieties between the maximum and the minimum are fewer, 
and more slow, and uneven; but in simple entities they are 
more numerous, quick, and even or similar, and thus more har-- 
iHonious and consentient, for they are applicable to each least 
moment or minute of mutation. Compound entities therefore, 
and, in the present case, the nerves, are more imperfect and 
more liable to essential changes whence arises destruction; and 
wnless they were constantly determined by simple entities, and 
brought back and restored to their natural state as often as 
they fall therefrom, these changes would at once destroy and 
utterly break up their essence and harmony. In respect to the 
perfection of more simple entities relatively to compound en- 
tities see Transaction I., n. 614, 615, 616. From this is follows 
that the most simple fibril, that, namely, which constructs that 
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little canal which is properly called fibre, is the most perfect 
of all; after which comes the above mentioned channelled 
fibre; then the fascicle of fibres; and lastly the nerve, whidi, 
in itself, is rather to be deemed imperfect. But the most sim- 
ple fibril which flows into the compound fibre, determines and 
rules that fibre, and restores it to its natural state as often as it 
falls away therefrom ; and in like manner does the compound 
fibre act in respect to the fascicle, and this in respect to the 
nerve. But as to the manner in which the bloodvessels concur 
to the preservation and restorations of the nervous structure, 
the present is not the place to treat of this subject, for we have 
not yet treated of the origin of these vessels as being from the 
fibres. 

245. In the whole system, there is not a single fibre, still 
less any fascicle of fibres, and still less again any nerve, which 
in respect to all its accidents, is wholly similar to any other. 
Moreover, in the single subjects or individuals of the animal 
kingdom, they are so varied that there is not a fibre, fascicle 
or nerve in one which is absolutely similar or equal to that in 
another. Nay, if there were myriads of earths, and if in 
each earth, myriads of inhabitants were bom every moment, 
yet, in this perverted state, there could never be a fibre of one 
exactly similar to that of another in respect to character, nexus, 
form, determination, anastomoses; that is to say, in respect to 
all essentials and accidents. This is confirmed by the marvel' 
ous variety which we find in individuals, in whom the sin^ 
parts of each member are just as distinguishable from each 
other, as the individuals themselves are distinguishable by their 
outward appearance. For we are bom, not only into the nm- 
gled form of both our parents, but also into their animus and 
habits. The animus of the mother is changed times without 
number in the space of a few days or hours; and a similar 
change fiows into the fibrous and nervous system, wherefrom 
the form and the imaginative force of the pregnant woman 
is derived into the body of the embryo, which is marked in due 
conformity thereto. Confer Transaction I., n. 267. To these 
also are added changes arising from constant variations in our 
own animus. 
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S46. The first cause of all changes and varieties in the ner- 
vous system, and in the external and internal forms arising 
therefrom, is derived from the diversity of ideas and principles 
existing in our minds, which determine the most simple fibril, 
and induce upon it a change of state. Another or secondary 
cause arises from the variation of animuses or affections, 
tvhich so inscribe themselves on the countenance that they are 
plainly apparent. For their influx into the animal spirit and 
its fibre is so efficacious, that I would venture to say that in the 
animus, there is not a single motion repugnant to the natural 
tnotion of the body and mind, which does not carry to the 
Hbres and least vessels, some force, and consequently some 
variation; such affections, for instance, ca anger, envy, fear, 
sadness, etc. The third or last cause arises from a change in 
the blood, whence come sicknesses and diseases of the body* 
For the red blood is the treasure-house and seminary of all 
things in its body, and, after resolution into its elements, it 
runs through the whole structure of the nerve. See above, n. 
200 seq. Therefore the whole nervous system is affected ae- 
cording to the state of the blood, and this to such an extent, that 
by reason of bad blood fibre is often dissociated from fibre and 
fascicle from fascicle, beds are loosened up, connections broken, 
passages hollowed out, and spurious plexuses and ganglia 
raised up; or, on the other hand, fibres, fascicles, and tunics 
o^^ agglutinated, passages stopped up, distinctions obliterated^ 
tumors formed, and structures eaten away, cut off and destroy^ 
ed; as is abundantly learned from the several diseases, of which 
there is an host, and from an examination of dead bodies. 

247. But vitiation of the blood does not extend to the sim^ 
plest fibrils. These remain in their integrity, entirely immune 
and free from all essential change, whatsoever the assault 
made by diseases of the body. Nor does this fibre suffer aught 
except from the desires of ends in the mind, those, namely, 
which are repugnant to the order of nature. 

248. Moreover, the fibres and their fascicles and nerves are 
changed by time. For in first infancy they are in the utmost 
integrity, soft, almost fluid, obedient to the laws of their no- 
iure, and unanimous. Principles do not then wage war witB 
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affections, nor affections with effects; for then is the time of 
the Golden Age, and the kingdom is ruled by Astraa* But 
as we decline through our periods even to old age, the fibres 
and their fascicles and nerves, grow obsolete, become hard, re- 
sistent, disobedient to nature, discordant. Principles then wage 
war with affections, and affections with effects. Then is the 
time of the Iron Age, and the kingdom is ruled by the Furies,^ 
together with the rest of the Plutonian crew. Thus we grow 
weaker every moment, and are snatched away to death. 



CHAPTER XV. 



THE SIMPLE FIBRE. 

249. The fibre of which we have hitherto treated is not the 
most simple of all; for it is a little passage or canal for that 
subtle fluid which is called the animal spirit; and it is girt 
about with the most delicate membranes or the softest men- 
inges. That this fibre is g^rt about with a certain most delicate 
meninx, or that it is a subtle membrane, — since it is a little 
canal, transmits spirit, and is distinguished from the neighbor- 
ing fibres, — see above, n. 209. That this tunicle is the most 
simple of all the tunics of the body, and consists of fibrik 
pure above all imagination, see n. 210; and that this tunicle 
is double, n. 219. For in order to the existence of a little canal 
which shall be distinct from other canals and shall transmit 
spirit, there must of course be a surface or tunicle. This 
tunicle ought certainly to consist of those fibrUs which we caU 
the most simple. The same thing moreover is taught and con- 



^Astraea was the Goddess of 
Justice, and is represented as 
holding a pair of scales in one 
hand and a sword in the other. 
She lived upon the earth during 
the Gold*n Age, which is, there- 
lore, often called the Age of 
Astraea; but in the Ages of Brass 
and Iron she was driven to heaven 
tij the wickedness and impiety of 



mankind. 

tThe Furies, Latin, Eumenides, 
Greek, Erinnyes. Our author uses 
the Greek word. The three Furies 
were employed in inflicting the 
vengeance of the gods upon the 
wickedness of men. On eartii, 
this was done by wars, pestilence^ 
and dissensions, and in hell, 1^ 
continual torments. 
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Urmed by the cortical gland from which the fibre is produced. 
For according to the description, this gland, like a little heart, 
is furnished with a minute ventricle or follicle and also with a 
certain superficial materia which constitutes the body of the 
gland. Confer Transaction II, n. 124-126, 132, seq. This 
follicle and also the superficial structure is continued into the 
fibre and through the fibre. For t he fibre is the continuation '^ 
of the cortical spherule, like as the artery is a continuation of 
the heart. Hence this glandular or cortical surface must neces- 
sarily consist of fibrils the most delicate of all, co-ordinated 
together in the most exact manner. 

260. In the subjects of the animal kingdom this simplest 
fibril is deservedly to be called the first, supreme, inmost, most 
remote, most universal and most perfect fibre, yea, the one 
only continuous substance from which all other continuous sub- 
stances, howsoever many they be, derive their existence, sub- 
sistence, nature and faculty of action. I make a distinction 
between continuous and contiguous substances ; or, what is the 
same thing, between coherent and fluid substances. For con- 
tinuous and coherent substances constitute tunics, while con- 
tiguous or fluid substance permeate the little canal formed by 
the tunic. For example, the tunic of the artery is a continuous 
or coherent substance, while the blood is a contiguous, or flurd 
substance. It is called contiguous, because the parts are merely 
contiguous to each other, and after the contact are just as 
easily separated as if they had never been contiguous. Con- 
tinuous parts are indeed also contiguous, but this at many 
points, and, therefore, they cohere. So that to this fibre can be 
applied the philosophical canon: That in the animal system, in 
that it is animal, there is nothing that is truly substantial except 
this fibre, and that the rest of the compositions consist of mere 
accidents. 

251. Moreover it is proper to predicate of this fibre that it 
is the pathway of the determinations of the soul, and, as it 
were, the ray of its intellectual light, and the veriest force of 
forces and form of forms in its kingdom. From which predi- 
cates it follows that animal nature herself and the state and 
condition thereof depends principally upon this fibre. For this 
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fibre is the nourishing parent of both the cortical and the 
medullary substance, and in the body it carries every point. 
These positions will come to be better explained in what fol- 
lows. 

252. But the nature of this fibre cannot be learned except 
by the analytical way, that is to say, by abundant experience 
drawn from thingr posterior and from phenomena investigated 
physically and philosophically all the way to their causes and 
principles; for it is utterly remote from the perception of the 
senses, and goes beyond the sphere of anatomy. Hence our 
primary concern is that we may come to a knowledge of the 
essence and nature of this fibril, for on this knowledge de- 
pends the understanding of the causes, and the inmost under- 
standing of the phenomena in the whole of this noble kingdom. 
For even though we know all other things, still they are merely 
effects, and the entire product of those infinite forces which 
flow forth from the potencies and principles of this fibril; and 
thus we really understand nothing if we are ignorant of this 
fibril in respect to its quality. 

253. In general it must be held that it is necessary that this 
fibril also be transpirable, pervious, gifted with a most highly 
minute cavity, and thus be an image in least effigy of the 
larger or compound fibre; otherwise neither this fibril nor 
anything whatever in the animate body could derive and carry 
on its origin, progression, order, law, motor force, life and 
sensation; in that the fibril without a perfluent fluid or some 
analogue of a fluid would be a stamen impotent of action. 
And this for the same reasons as those adduced above, n. 14^ 
143, in respect to the medullary fibre. 

264. That uttermost fluidity or fluid, so called by emi- 
nence, which flashes through this fibril, can be no other thai that 
first and pure essece, truly animal and partaker of life, which 
is called the spirituous essence, and which is conceived in the 
inmost penetralia, vesicles, and fistulas, — also so called by emi- 
nence, — of the cortical glands, and is brought forth and trans- 
mitted in accordance with every need of nature. Confer 
Transaction 11, n. 165-167. And since there is no other fibre 
that is more simple, it follows that this same essence forms that 
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fibrils delicate tunicle or likeness of a tunicle. This essence or 
uttermost animal fluidity has been treated of in Transaction II, 
chapter iii, [On the Human Soul, n. 208, seq.], and fre- 
quently elsewhere. Moreover, I shall also continue the thread 
later on. Meanwhile I think no one can deny that in the animal 
kingdom there is a certain essence or substance proper thereto, 
— ^just as there are essences and substances proper to the vege- 
table and mineral kingdoms, — ^which is the first, inmost, and 
most universal essence, and from which are all the rest. Un- 
less we concede this to be the case no physical law nor any 
philosophical dogma could have any place in the animal king- 
dom. On the other hand, if we do concede it, the several par- 
ticulars come into agreement, and alt the phenomena are ex- 
plicable in agreement with those particulars. An essence of 
this kind, most facile for the undergoing of accidental muta- 
tions, (respecting which see above, n. 241), — for this is the per- 
fection of superior entities,— cannot do ought else than, by a 
mode of constriction, put on a nature less fluid according to all 
degrees ; and the reverse also is true. For how can this be im- 
possible to the most perfect entities of nature, when the less 
perfect and the compound, that is to say, elastic bodies ex- 
hibit the same phenomenon ? Thus nothing can be more easy 
to this essence than the building of a tunicle from itself, or, if 
I may so say, from its own materia. 



CHAPTER XVI. 

THE SPIRAL FLUX OF FIBRES; AND IN GENERAL HOW FORMS ARE 
EXALTED BY DEGREES INTO MORE PERFECT FORMS. 

255. The essence and nature of the simple fibre must be 
thoroughly explored if we are to have a profound understand- 
ing of the causes of the effects and phenomena occurring in 
the animal kingdom. According to what was indicated just 
above, n. 252. To this end inquiry must be made as to what 
is the form of the fluxion or motion of simple fibres, what that 
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of medullary fibres or those which arise from simple fibres, and 
finally what is the form of the fluxion of bloodvessels; for the 
fact that bloodvessels are derived from fibres will come to be 
demonstrated in the sequel. From a knowledge of the form 
of the fibre comes a knowledge of its essence and nature; for 
essential determinations are that which is called form; and 
from its form comes the ability of the fibre to act in this man- 
ner or in that, that is to say, to be such as it is, yea, even to be. 
Because, as was said atx>ve [n. 252], our concern is that we 
come to a knowledge of the essence and nature of this fibril; 
for neither essence nor nature is explored apart from fonn. 
"Form (according to Wolff) is that which we call essential 
determinations. He understands the form of the human body 
who understands not only its structure and hence the figures 
of its organic parts and the manner in which they are inter- 
joined, but also the combination of similar parts whence or- 
ganic parts are composed." (Ontologia, § 944.) And further 
on he says, "That an entity can act in a given manner is from 
its form; hence the scholastics affirm that form cohtributes 
operation to thing." (Ibid. § 946.) "Form therefore is the 
beginning of an entity upon which depends the existence of 
such an entity; consequently it is the cause of the entity." 
(§ 947.) And Aristotle says, "Every single thing is to be 
called a thing by virtue of the fact that it has a form." (De 
Nat., Lib. iii. Cap. 1.)* Thus the truth is confirmed that the 
quality and mode of action of an entity depends on its form. 
Wherefore an entity without form would be devoid of all qual- 
ity and mode of action, and thus could not be anything. I 
speak of the entities of nature, and not of those which arc 
above nature, such as the spiritual and. the divine; for with 
respect to these neither quality nor mode nor accident can be 
predicated except by supereminence. 

256. But we cannot come to a knowledge of the simple 
fibre except by the analytical way, that is to say, by progressing 



♦We are unable to find this doubt that it expresses the phil- 
specific statement in the passage osopher's teaching, 
referred to, though there is no 
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from visible phenomena through the connection of causes to 
inznsible, or from bloodvessels to medullary Hbres, and from 
these to the simple fibre; for the latter is far removed from the 
senses, and is the inmost or supreme fibre of its kingdom. 
Afterwards, when by the analytical way we have arrived thus 
far, we may be permitted to descend thence by the synthetic 
Tuay. 

257. [First] As regards the form of the fluxion of blood- 
vessels, — both those which are called arterial and those which 
are called venous, — this form is absolutely circular, nor do 
they strive into any other form. For their muscular tunic 
which presses on the enclosed sanguineous stream and pushes 
it forwards is woven of annular fibres or muscular circles 
densely compacted together. See Transaction i, n. 182-186. 
Every constrictive force of this tunic strives from so many 
peripheries to so many centres, which latter constitute the mid^ 
die axis. The blood globules themselves, which are rolled 
down within a tubule of this nature, are also circular in figure; 
and moreover are circularly rotated around their axis. Ac- 
cording to the ocular experience of Leeuwenhoek, who says, 
"When I examined blood in which was a quantity of chrys- 
taline liquor, and carried the little tube [wherein it was con- 
tained] to a place where the wind was blowing, I observed 
that the globules were set in motion, like the air itself, by con- 
cussions and also mutually among themselves; and moreover 
I observed in the globules another kind of motion, namely, that 
each globule gyrated round its own axis." [Philosophical 
Transactions, n. 106, p. 129, 130; Trans. I, n. 29.] Thus the 
tunic of the arterial vessel is wholly conformed to the na- 
ture and mode of the fluxion of its fluid, and vice versa (see 
Trans. I, 134-5, 522) ; and both conspire to the circular, thai is, 
to the spherical form of motion. Hence is clear, what is the 
form of the fluxion or undulation of the sanguineous volume 
within the arteries; namely, that it is similar to that in waters, 
— a fluxion or undulation which widens out through continued 
circles from the beginning of the motion to its ultimate bounds. 
Sec Transaction I, n. 166-176. 

858. [Second] As regards the form of the fluxion of the 
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medullary or nerve fibres, this is not simply circular, but is a 
form superior to the circular and to be called the perpetuo- 
aRCULAB, or, properly speaking, the spiral. For whenever a 
fibre is loosened from connection with the neighboring fibres 
and left to its own law of fluxion, it twists itself after the man- 
ner of a spiral, howsoever stretched out it is into a kind of 
line when held bound up in a bundle of many fibres, — the case 
being not unlike as with a twisted silk thread. But since, as I 
have indicated above, we must pass to a knowledge of the sim- 
ple fibre by the anal)rtical' leay or the way of experience, it is 
necessary that I establish the spiral flux of this fibre, as I have 
previously established the circular flux of vessels, by ocular 
testimony ; otherwise, it will seem perchance like a^ hypothetical 
assumption. There are indeed many of the learned who recog- 
nize this fluxion of the fibres ; but Leeuwenhoek by his obser- 
vations has proved it beyond a doubt See his figure 7, [n. 34, 
above], which he describes as follows: "Although I had no 
doubt that the nerve fibrils, howsoever fine they might be, were 
so formed as to be accommodated to the making of contrac- 
tions and expansions, nevertheless I wished to investigate this 
formation and see it with my own eyes. I therefore made 
longitudinal sections of various filaments of litfle nerves, and 
by aid of the microscope I had one of them delineated, as 
shown in fig. 7, where it is marked MNOP. In this figure the 
vessels which serve for carrying down the juices of the nerves, 
so far as they are extended lengthwise, are seen to be convo- 
luted into spirals or gyres. It must be supposed, however, 
that in every extension of the nerve these parts stretch their 
gyres out into a straight line. By MN, OP is designated the 
tunic which, as I have shown, is surrounded by its several 
nerves." [n. 33.] Elsewhere, the same author says, "When 
I separated from each other those parts of the nerves which 
perform for them the use of vessels, I saw them convoluted 
and curved into spirals after the manner of snakes." [n. 39.] 
"I carefully cut out two filaments hardly thicker than a double 
thread such as is used by tailors, and no longer than a finger- 
joint When I examined their other extremity I found noth- 
ing there except certain little parts mutually convoluted and 
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contorted. At various points tay two or three filaments mu- 
tually involved and complicated, with only a little interjacent 
matter. Nor was I able to bring to mind the probable cause 
of this convolution, although I had no doubt that the filaments 
used in this examination were truly nerves." [n. 31.] It will 
be of use also to here bring forward what the same author 
mentions as to his investigations with respect to the contorsion 
of tendinous fibres : "I placed imder the microscope (he says) 
a minute portion of a tendon cut straight or longitudinally, and 
I clearly recognized that the tendon was compacted of six or 
eight smaller tendons. In each of these tendons the form was 
a spiral one, — a form which, in the motion of bodies, seems 
to be especially adapted for contraction and expansion. Fur- 
thermore, I have had delineated a minute tendon [which was 
adjacent to the outside of the tendon just mentioned]. It is 
shown in fig. 17 by the letters KL. Here may be seen the 
spiral parts, or parts revolving or rotating in a gyre, and which 
lie on the tendon just like the thread or edge on a screw. And 
indeed nothing can be imagined more suitable for the exer- 
cise of expansions and contractions than this spiral figure and 
rotable nature. Nor is that spiral figure and that form of 
circumvolutionary parts confined only to tendons, for neither 
is it wanting in the fleshy fibrils which are annexed to the 
tendons." [n. 42.] "After the parts of the tendon had been 
separated, we then recognized in them those small and snake^ 
like spirals." [Ibid.] "In the legs of the flea I can most dis- 
tinctly recognize not only tendons and fibril's, but also the spiral 
and volutionary contraction of the fibrils, which, as I can 
clearly discern, is also not wanting in the muscles of the flea." 
[Ibid.] "In the flesh of the wild bee also I have observed 
spiral extensions and contractions." [Ibid.] I have desired 
to here adduce the observations of this renowned author re- 
specting the spiral fluxion of fibrils over tendinous fibres and 
motor fibres of muscles, in order also that thereby may be con- 
firmed the following induction, namely, that the fibre when 
released from the bond of neighboring fibres, strives into no 
form more freely than into the spiral, — as for instance when 
fibres imfold themselves in muscles and elsewhere. At its end 
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where it enters upon the work of constructing its organic forms 
this fibre loves to How around into no other form more fredy 
than into that of an helix. Likewise in its cortical gland 
whence it issues, and which, being most perfectly convoluted 
after the manner of a screw, carries on its expansions and con- 
strictions in no other way; hence a similar effect redounds to 
the fibre which is produced therefrom. Thus, as is the weav- 
ing of the principle such is the web brought forth therefrom. 
This fibre Hows from the cortical gland like a thread released 
from a twisted coil. But as regards the gland itself, the 
keenness of the sight, even when armed with the microscope, 
cannot indeed penetrate so far as to be able to distinguish the 
simplest threads of its texture; and yet I deem that it cannot 
be denied but that these threads are disposed in most perfect 
order and in accordance with every mechanical potency of 
nature. On these matters consult also Transaction I, n. 301, 
302, 303. Thus then, not only from the experience of things 
visible but also from the connection of causes, this phenomenon 
is rendered indubitable, — ^to wit, that the cortical gland, in 
respiring, expelling fluid, and producing fibre, makes spiral 
gyres. The fluid itself which courses through this fibre all the 
way from the cortical gland to the end, seems to wind itself, 
both as to parts and as to volume, into the form of a similar 
gyre. For a tunicle is exactly conformed to the nature of its 
fluid, and a fluid to the mode of reaction of its tunicle; since in 
this way and in no other do tunicle and fluid act together or one 
cause. 

269. [Third.] As now regards the form of fluxion of the 
simple fibre which produces the tunicle of the aforementioned 
compound fibre, this form cannot be simply spiral but must be 
superior to the spiral. For as forces and substances are ele- 
vated by degrees, so they are elevated into a superior and more 
perfect nature and potency. So likewise with this form of 
fluxion, which therefore merits to be styled the perpetuo- 
spiral, which in the following pages we will call the vortical. 
Just as the circular form when it is elevated into a superior 
form is called the perpetuo-circular, or more properly, the 
spiral, so this form is called the perpetuo-spiral or vortical; 
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for what is superior must also be designated by another namc^ 
— according to the fourth rule laid down in Transaction I, n. 
648. And since this fibre is likewise transpirable and pervious 
and carries a certain purest essence proper to the animal, and 
which at the same time constructs the highly delicate mem- 
brane of the fibre itself, therefore from the connection of these 
same causes it follows, that such essence, — if it be compared 
with a -fluid, — when it courses through the fibril, winds itself, 
both singly and in general, into gyres of a similar spiral; and 
this by virtue of the same law, namely, that fluid and tunicle 
are most exactly conformed to each other, and unless the one 
together with the other be understood, there is no fibre. 
Consult n. 253, 254. 

260. But because the essentials and formats of this fibre 
lie deeply hidden within visible nature, therefore it is not to 
be wondered at, if the mind also, which is a superior sight 
and is enlightened by the light of its external senses, here 
begins to grow dull, and, as it were, blind, or to enter into a 
kind of shade, that is to say, to be ignorant as to what the 
perpetuO'Spiral or vortical form is or what its nature, and 
hence to doubt its existence. To this end therefore, I wish to 
ascend from the most imperfect form to the most perfect, to 
the end, namely, that an idea of the one, that is, of the more 
perfect, may be acquired from a perception of the other or 
more imperfect by the aid of elevation from power to power; 
just as in the case of the infinite calculus; for thus we ac- 
knowledge, even though we do not comprehend. 

[the doctrine of forms.] 

261. The most imperfect form, which is also the ultimate 
of forms, is the Angular; and it consists of angles and 
interjacent planes, and is bounded by mere straight lines which 
are determined not to any common centre but to other direc- 
tions. This is apparent in triangles, quadrangles, etc.; for if 
lines be drawn perpendicularly from any point of the planes 
they do not fiow together or meet in any given centre, but 
perpetually intersect each other. In the circle, however, all 
lines drawn from the surface are concentrated in a single 
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point; and if, by any external force or by pressure of the 
fingers, you wish to reduce a circle or sphere, wherein inte- 
riorly there is a determination and nature of this kind, into a 
triangular form so that it shall remain triangular, the deter- 
minations themselves must necessarily undergo change ; that is 
to say, the lines which converge in the centre or aim at the 
centre must remove themselves from the centre and look for 
their terminations to other points outside the centre, — ^in which 
points, moreover, they are met by other lines let down per- 
pendicularly from another plane of the triangle; otherwise 
the form springs back into its own sphere. That straight lines 
thus determined do not produce any perfect form was also, I 
see, held by the Philosopher of old where he says: "A circle 
is perfect, but no straight line is ever perfect; for neither is 
it boundless, since it must have a term or bound, nor is any 
manner of things bounded perfect." (De Coelo, lib. I, cap. 
ii.) And further: "Local motion in a straight line is not 
suited to nature ;" for "motions which are eflFected in a straight 
line are opposed to each other by reason of their positions 
. . . since each single position is always distant from the 
other by a straight line." {Ibid, cap. iii, iv.) From the above 
it is apparent that in these forms the determinations are op- 
posed or more or less contrary to each other, that is to say, 
meet each other more or less obliquely or directly; wherefore, 
at every point of section and meeting, the progression is stop- 
ped, the fluxion terminated, and the forces extinguished. 
Hence it comes to pass that such forms, in themselves and their 
own nature, are altogether unsuited to the continuation of 
motion, and are the verimost forms of rest and inertia. And 
by such meeting of lines there arises profound rest not only in 
the internal structure itself, but also among several forms when 
mutually applied to each other. For on their external surface 
they are in like manner angular, that is to say, are furnished 
with planes and angles, — for as is the essential determination 
such is the termination, or, what comes to the same thing, as 
is the form such is the figure which is the limit of the extense, 
— and angles are so many points of hindrance and planes so 
many points of coherence. Not one of these forms can be 
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rotated around any axis, still less around any centre (which, 
indeed, they lack), since angles and comers impede; and if 
planes come together they are joined into one. Thus every 
angular form is to be conceived of as being intrinsically a 
coalescence of mere trigons or little cubes, — ^just like the mass 
in the larger effigy into which they coalesce when a number of 
them are mutually applied to each other in one space; for they 
cannot be rotated unless all the neighboring forms yield place. 
Therefore these forms are the most imperfect and are endowed 
with the force of inertia. Thus they are proper to the earth, 
and are the same as those which are called saline, acid, alcaline, 
urinous, sulphureous, nitrous, mineral and vitriolic. 

[261a] The triangle in planes, or the trigon or tetrahedron 
in solids, is the first and as it were the simple of angular forms; 
for to these, all the rest, howsoever compounded they are, refer 
themselves, and to these are they reduced if they are to be 
resolved. Of triangular forms the most perfect is the equi- 
lateral or equiangular, while the scalene are more or less im- 
perfect. The quadrangle in planes and the octahedron in 
solids is the second of the angular forms, being compounded 
immediately from the first. Of quadrangular forms the most 
perfect is the equilateral and equiangular; the rest are more 
or less imperfect, such as parallelograms, rhomboids, trape- 
jfiums, or forms wherein the sides and angles are more or less 
unequal. After these come polygons and multUaterals, which 
in like manner are regular and irregular and consequently 
more or less perfect or imperfect; the last of these forms ex- 
ceed all number. Thus angular forms are distributed into 
genera and species. "Since specific difference (according to 
the teaching of Wolff) consists of essential determinations, 
and by the same determinations is determined the genus and 
species of an entity, therefore it is by reason of its form that 
an entity belongs to a given genus or species and is distin- 
guished from other entities." (Ontologia, § 945.) From 
these considerations it follows that the first of the angular 
forms are most minute tetrahedrons and octahedrons; which 
therefore are to be called elements, primitive entities, and the 
principles of salts and sulphurs. Compare Transaction I, n. 



/ 



174 THE FIBRE, 

69-79. These, together with their compounds, are so many 
hard and inert corpuscles incapable of motion among them- 
selves except by the aid of Auids; truly heavy, material, ex- 
tended, figured; of themselves fixed and fixing; not expansi- 
ble or elastic; frigid; tempering in divers modes the fluidity 
and heat of active forms; but most highly suited for the forma- 
tion of various compounds. For without them neither earth 
would exist nor the vegetable kingdom nor the animal, nor, 
in a word, the visible world. These forms are what affect the 
sensories of taste and smell with so great variety; and they 
properly constitute that part in every animal which we call the 
body. These, moreover, are the forms of which geometry, 
trigonometry, physics and chemistry treat scientifically. 

262. But lest we halt uncertain in the significations of 
words, it must be explained at this threshold what Form is, 
and what Figure. Form is the essential determination or the 
determinate fluxion of parts, points, substances, forces. Thus 
we have the form of motion, the form of modifications, and 
the form of substances, — all of which forms coincide. Never- 
theless no idea of forms can be conceived of apart from the 
K^idea of fluxion. Figure, however, is the limit of an extense 
or the termination of such fluxions, that is, the terminus of 
essential determinations. It is sometimes called external form. 
Meanwhile this definition of form is in agreement with ancient 
and modem philosophy. There are indeed essential deter- 
minations or forms of which neither terminus nor limit can 
be predicated, consequently neither figure, — such for instance 
as spiritual forms; but yet these predicates must be under- 
stood of such forms by analogy with things similar; or, they 
must be predicated by eminence; for termini and limits arc 
not possible unless there are parts, and these must occupy 
space and must form an extense. But to resume. External 
form is bom after the image of internal form, but not the 
reverse. For if from an angular form the angles are cut off 
and the planes rounded, the form is turned into one that is 
spherical or more perfect; but the internal form still remains, 
that is, the former essential determination and the whole of the 
quality thence resulting and ingenerated. Furthermore, from 
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the figure, when not changed, is known the quality of tlie 
form; as, from the countenance the quality of the animus. 

263. The next superior form is the Circular or 
Spherical form wherein are no angles and no planes. 
For in order that angular forms may be elevated into this next 
superior or spherical form the angles must be cut off 
and the planes so rounded that no part of them remains; 
and therefore this form deserves to be called the In- 
finitely Angular or the Perpetuo-Plane. For it is an im- 
age of something perpetual or infinite relatively to that which 
in angular forms is finite. What is perpetual is also a unit; 
thus when there are no longer a number of angles nor a num- 
ber of planes, there is in this form as it were one conmion 
angle or one common plane. This also comes about naturally 
when angular forms, in a volume composed of many such 
forms, are forced to turn about their axis ; likewise when they 
are held by an engirding flame that licks them about ; for the 
angles being then cut ofl?, the forms are rounded, and with the 
help of nature are adapted to an axillary motion among their 
neighbors; moreover, the longer the motion persists, and the 
more swifty, that is, the more forcibly, they are driven around, 
the more are they liberated from the form of rest, as they put 
on extrinsically the form of a most perfect sphere. But never- 
theless there remains what is linear; for the semidiameters or 
radii are so many straight lines let down perpendicularly from 
the periphery. The two lines are let down; for in the circle 
we must consider that as being upwards which is towards 
the centre, and that as being downwards which is towards the 
periphery ; as is also the case in the great spheres, such as our 
own, where the centre of the earth is in the lowest place. 
Hence it follows that the spherical form is the verimost form 
of motion, and that it is most highly potent for resistence, most 
constant in remaining in its own essence, and, in company with 
angular forms, most highly accommodated to every ratio of 
composition. But let us take these several points in order. 

[i] That the spherical form is the verimost form of 
iconoN follows from the fact that it is void of angles and 
planes, since angles are so many points of hindrance and planes 



176 THE FIBRE. 

so many points of coherence. For many spherical forms or- 
globules rotate around their axis most freely in one volume 
and in one circumscribed place, nor does one move another 
from its place, nor touch it except in the least and a similar 
point; and after the contact it almost instantly recedes and rolls 
away with the plane itself. Wherefore angular forms when 
put in motion and driven around among themselves, are turned 
Of in a lathe by the mere force of the motion; that is to say, 
their angles being cut off, they are rounded, and with the help 
of nature are adapted to an axillary motion among their neigh- 
bars. Thus they are in the utmost readiness to gyrate around 
some axis, — for there are as many axes as there are diameters, 
— but not around a centre unless the linear directions are 
changed into circular and a spiral determination results. For 
in more perfect forms there is an axillary motion and a central 
motion, on which two motions depends the nature of Huidily, 
undulation and modification. Moreover, the smoother they are 
superficially, the more fitted are they for the continuing 
of motions; while the rougher they are, the more unfitted. 
Thus, of such forms of motion, there exist those that ore 
more perfect and those that are more imperfect. The 
very determination of the interior lines in the circle or 
sphere also conspires to making this form the genuine fortn of 
motion. For semi-diameters, like perpendiculars drawn from 
every point of the periphery, flow together into one and a com^ 
mon centre; nor do they meet each other at any other point 
on the way, — as is the case in angular forms, where the points 
of meeting are so many oppositions, and the oppositions so 
many causes of inertia, which are perpetual and infinite. From 
the confluence of the determinations to one single centre U 
follows that axillary gyration agrees with the form of nature 
herself; for there is nothing outside the centre that hinders 
the revolution, and each single diameter must represent am 
axis. That a diameter represents an axis follows not only 
from the fact that one diameter is distant from another, and 
that one is ever presenting itself as an axis, but from the 
further fact that the spherical form must be considered as 
consisting of mere concentric circles all the way from the ulti* 
mate periphery to the centre. For circles are formed if from 
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any one point of a diameter perpendicular lines are projected, 
since these lines when simultaneously continued describe a 
line perfectly circular. 

Jii] That the spherical form is most highly potent 
FOR RESISTANCE, Of is resistance itself against all manner of 
external attacks and assaults, is evident from the fact that all 
the lines, like so many radii, meet in one common centre 
wherein is such absolute opposition, both as regards the several 
lines and as regards the whole of them, that one cannot be 
tnoved out of its place unless another is moved at the same 
time. Thus the forces are conjoined and the one protects the 
other lest they fall apart. This is the cause of the resistance 
in the spherical form, — a resistance which decreases in propor- 
tion as there are more centres to which the determinations are 
diffused. As is the case in the elliptical or oval form wherein 
are two centres, and in the other curves wherein are many 
centres. For it is the r^;arding of the centres by the periph- 
ery, — from which the perpendiculars flow, — ^that measures the 
dtgret of resistance. In the circle, all the lines, or, if instead 
of lines we substitute forces, all the forces, have r^ard to one 
single centre wherein they all meet together in every possible 
relation of opposition. For in this centre one line r^^ards 
one other as diametrically exposed to itself, and the rest as 
obliquely opposed, and thus as exposed in every perceptible 
obliquity. Wherefore it may be said that there is nothing 
more inert, hard, resistant, and frigid than what is found in 
the centre of this form. 

[in] From these considerations it also follows that spher- 
ical FORMS ARE MOST CONSTANT IN REMAINING IN THEIR OWN 

ESSENCE howsoever the modes may be varied. For the deter- 
mination of one line is most highly similar to the determination 
of another, nor can it be changed unless <U the same time all 
are changed, — and to prevent this, one protects all and all one. 
For from the centre each single line regards and as it were 
contemplates the universal state of its form, and in the centre 
it feels all that happens to a neighboring line. 

Granted then that the essential determinations in the circle 
or sphere are not the massed lines or radii, or hard cor-. 
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fuscles, but that they are innumerable smaller spherules ami 
in these still smaller which are more perfect forms according 
as they reside more interiorly, it follows that an entire sphere 
of this kind, composed of smaller spheres enclosed in due order, 
is highly elastic and yields superficially to every inrushing or 
attacking force. For if the smaller spherules are most highly 
yielding, the larger sphere which is their total or complex can- 
not but likewise yield, that is, be endowed with the power of 
elasticity. Conceding then that spherical forms are most 
highly constant in their essential determination, it follows that 
from no accidental cause can such forms, howsoever they may 
be pressed upon extrinsically, be reduced from their spherical 
form or be transmuted into another, still less into an angular 
form; but that, whenever urged, they are compressed into 
spheres of a smaller diameter or dimension, and with the re- 
moval of the urging force they straightway relapse into their 
pristine expansion. Thus the variation of their modes con- 
sists in their suffering themselves to be constricted into a 
smaller spherical space but not into any oval form. Thus also 
they answer to every ratio of the invading forces, and, with a 
minimum loss of forces, react in the degree that they are 
acted upon. For the more the spherules become constricted 
the more -firmly and hardly do they resist, and this untU they 
have increased their resistance to the ratio of the forces acting 
from without. This follows from the rule that nowhere is 
there anything more inert, hard, and resistant than in the 
centre of such forms, and thus in other places in proportion 
to their distance from the centre. That the parts of the atmo- 
spheres are such forms becomes manifest from the several 
phenomena observed in the air. 

[iv] That spherical forms in consociation with an- 
gular FORMS ARE MOST HIGHLY ACCOMM(»>ATED TO EVERY 

RATIO OF COMPOSITION is apparent from the fact that primor- 
"dial particles, saline, sulphureous and mineral, are not simply 
angidar forms but are mediate between the angular and the 
circular. For they are so many minute trigons and octahe- 
drons exactly hollowed out to the convexity of spherical par^ 
tides, such as water particles; thus they can be mutually ap^ 
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plied to each other and be suitably united into a larger cor- 
puscle. It would be otherwise if their sides were plane and 
not hollowed. That primitive entities or saline and sulphure- 
ous elements are hollowed out at the sides suitably to the 
convexity of water particles, has been shown throughout in 
my works, — see also the whole of the first chapter in Trans- 
action I, on the subject of the blood ; nay, and also that their 
genesis must be derived from water, that is to say, that they are 
bom in the interstices of water, and consequently are formed 
according to every convexity of the water particles. Hence 
arise not only octohedrons but also trigons. This has per- 
suaded me that no saline element is entirely plane on any of 
its surfaces, for in such cases they could never be associated 
with any spherical particles whatsoever, — ^neither aqueous, nor 
aerial, nor mercurial, — since the two would touch each other 
only at one point, and thus would not be applied, imited, and 
made ccAerent. From this principle it undoubtedly follows 
that there was a universal ocean prior to the existence of the 
earth ; and that the crust of the earth was made up of de- 
ments originating between the water particles in the way de- 
scribed. Hence come oils, spirits; the red blood, white bload, 
and the other humors of the animal kingdom (compare Trans- 
action I, n. lis); essential juices, tinctures; nay, even the 
more solid particles such as the sulphureous, saline, stony, 
crystalline, mineral; and all vegetations, — the elements where- 
of, which are in the angular form, could never coalesce with- 
out the presence of interjected globules and without mutual 
embraces or kisses. 

[263a] Moreover the circular or spherical form is the 
measure and form of all angular forms, and thus as it were 
their universal type and complex. For without the aid of the 
circle, angular forms and figures can never be measured, still 
less be reduced to calculation. This follows from the fact 
thai the spherical form is perpetuo-angular and infinitely 
plane; and what is perpetual and infinite must give the law 
to things changeable and finite, and judge them as to their 
quantity and quality. The superior form moreover is always 
prior; hence the angular form is produced by the circular, on 
which account the latter is the measure and form of the former. 
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[263b] Of the circular or spherical form also, there are 
genera and species. The genera are either more or less per-- 
feet or more or less imperfect, and so likewise the species. 
For we have elliptical or oval forms ; we have cycloids, para- 
bolas, h)rperbolas, and many other forms both gecxnetrical and 
arithmetical ;* all of which have been distributed by the illustri- 
ous Newton into their genera and classes. The essential de- 
terminations of these forms are not indeed directed to one 
•fixed centre but to several. Still the directions do not cross 
each other or approach from opposite quarters, as is the case 
in angular forms, but come together in a certain line or plane. 
These forms, therefore, are more imperfect and inert than 
purely circular forms, but more perfect and active than angu- 
lar forms. 

264. The form next superior to the circular, prior and 
more perfect, is the Perpetuo-Circular tt^ich is prop^ 
erly to be called the Spiral. For its determinations are not 
into continuous concentric circles, nor are they directed by 
means of radii or straight lines to any common centre; but Ift^y 
strive by means of continual spirals to flow towards a certain 
middle circle occupying the place of a centre, and towards its 
periphery or surface; through which circular surface they 
continue their fluxions, or strive to continue them, and from 
which, by means of radii, they look to the centre of their 
spheres, — just as in the perfect circle. Thus in this form there 
is aguin scmiething perpetual and infinite rdativdy to the cir- 
cular form, as in the case of the circular form relatively to the 
angular. For the spiral is as it were a perpetual circular 
fluxion, — a fluxion, namely, from each point of the surface, 
which is the limit of its fluxion, through a perpetual spiral 
winding, towards a spherule occupying the place of centre. 
Thus each spiral represents at the same time both the circle 
and the semidiameter, that is to say, the determinations of 
each. Thus the semidiameter is everywhere, and the circle 
everywhere, that is, it is perpetuo-circular. This fluxion is 
terminated, as was said, in a certain spherical surface in the 



♦In the Latin this passage is printed in italics. 
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centre; but the determinations never meet each other, but 
flow unanimously and with due obliquity into all points of that 
surface, and so continue the gyre. For when all the spirals 
terminate in a circular surface of this kind, it follows, that 
if the central spherule consists of angular forms, it is movable 
around its axis ; or if it consists of spherical forms, the latter 
flow around in a circular manner. This central spherule is not 
unlike our terraqueous globe floating in its atmosphere, which 
revolves about its axis, and into the surface of which are 
determined as it were the continual spirals of the etherial 
atmosphere. If we wish to explbre more deeply into the 
nature of prior or superior substances it becomes quite mani- 
fest that those substances which by their fluxion describe this 
form are endowed with such a nature that they can flow in 
no other way, — ^as has been abundantly shown in my Philo- 
sophical Principia, where also I have taken pains to delineate 
the very form of the fluxion. Thus the spiral form enters into 
the circular, and by means of the circular form, it regards the 
angular not as actually existing within itself, but as poten- 
tially able to exist. According to the proposition adduced 
above, to wit, that the angular form is produced from the 
circular, and that therefore the latter is the measure and form 
of the former. But the angular form is not produced imme- 
diately from the spiral, for this would be contrary to the 
nature of derivation, since singulars can be unfolded only 
successively. For whatever is the cause of the cause is aha 
the cause of the thing caused; and therefore the spiral form 
is the measure of the circular form, and thus the form of all 
the forms that follow. "The forms of the supreme world 
(says Aristotle) were called by the ancients Exemplars, where- 
in, according to Plato, is seated the substance of things in- 
ferior." {Divina Sapientia secundum Aegyptios, lib. XIV, 
cj^). xiv.) 

[264a] This spiral form is a superior form of motion 
more excellent or still more perfect than the circular; or, it is 
the form of active forces. For here there is no concentration 
of determinations, but in the place where the spirals termi- 
nate there they are continued by circles. Here therefore we 
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And some natural spontaneity. For in this fonn, a fliudcm 
once c<mimenced is continued with so easy a potency as to be 
ahnost spontaneous ; and that nature has inscribed this faculty^ 
potency, and force into the spiral flux is clearly apparent from 
the helix and screw in mechanics. That this form is a still 
more excellent form of motion is averred by Aristotle when 
he says : "Besides those bodies which are here and around us, 
there is another and distinct body, which has a nature as much 
more excellent, as the body itself is far removed from those 
bodies." (De Coelo, lib. I, cap. ii.) For the circular form is 
voluble and rotable only around its axes or diameters, while 
the spiral form is voluble and rotable around a centre; which 
central fluxion or gyration is the same as a perpetuo-axillary 
or truly spiral gyration. That circular forms cannot gyrate 
around a centre, or, that in such forms there can be no central 
gyration but only an axillary, has been pointed out above. 
Therefore for the existence of a central gyration there is re- 
quired a more perfect form, or a spiral. Meanwhile, the 
manner in which central gyrations are eflfected cannot be 
easily expressed in words nor represented by a figure, — though 
I have attempted to represent it in my Philosophical Prin- 
ciPiA ; for when we ascend above the circular form the ideas 
of our understanding enter as it were a kind of shade. But 
to resume. If the fluxions are continued around the middle or 
around some central globe, it follows that a spiral gyration is 
possible. It wouM be otherwise if they were terminated in 
some centre. 

[264b] Hence also it follows that this form is stili more 
constant than the circular in remaining in its own essence. 
The constancy in the circular form has been treated of above. 
For the more perfect are the forms, the more ccmstant they 
are, since they approach more nearly to the perfection of 
primitive nature. Wherefore they undei^o essential changes 
with difficulty, but accidental changes with the greatest ease; 
for the faculty of undergoing accidental changes is the per- 
fection of their nature. See above, n. 241. That nevertheless 
these forms can also undergo essential changes is evident from- 
tiie fact that there are also genera and spedes of sudi fonns. 



THE DOCTRINE OF FORMS. 183 

But when they have undergone such change, they can be 
restored to their own nature and pristine perfection only with 
difficulty. For the g^reater the difficulty of their undergoing 
change, the greater the difficulty of their being restored; so 
that in the case of still higher forms they cannot possibly be 
restored, that is, cannot possibly return, — on which matter we 
shall treat more fully below. To resume. 

[264c] This form also has its genera and species; and the 
genera are more or less perfect or imperfect, and likewise 
the species. But terms and expressions are lacking where-- 
by to distinguish them from each other according to 
their differences; for this form goes above the common 
understanding, because above ordinary geometry and its 
lines and circles, being placed indeed at the summit of 
this science. That there are many genera and species of 
spiral fig^es is no secret to geometers. This, however, is 
not the place to designate the several varieties by name ac- 
cording to generic and specific diflferences, that is to say, to 
enumerate the diflferences. For spirals may be designated as 
circular, elliptical, parabolic, h)rperbolic, geometric, arithmeti- 
cal, etc., since, according to the nature of the spiral, there is 
formed on the inside a central globule or nucleus consisting of 
one of the above mentioned forms, and to this the external 
form corresponds. Meanwhile, this form is obvious and 
conspicuous everywhere in nature and its kingdoms, since to 
it are due all the properties possessed by the circular form. 
Into this form flow the parts and volumes of the ether, and 
by its means they represent their modifications; so likewise 
in the animate body, the parts and volumes of the purer 
blood, and also the medullary and nervous fibres. See above, 
n. 258. In the vegetable and animal kingdom also they ctre 
frequently conspicuous. 

865. The form next superior to the spiral form, prior and 
more perfect, is the Perpetuo-spiral which is properly to be 
called the Vortical. The reason for this denomination is that 
such forms belong prc^rly to the superior ether which con- 
stitutes the great vortex around our earth, and within which also 
the moon performs its orbits and periods. I am not unaware 
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of what modem antliors think respecting die exigence of this 
vortex, but this causes me no dday since the actual phe- 
nomena fully persuade me that they can be ex{rfained in no 
other way. For its determmations do not omi, hy means of 
spirals, such as we find in spiral forms, towards the surface of 
some circle or sphere, but, by a mode of perpetual spiral 
which we call a vortical spiral, they strive to wind themselves 
towards some globule or gyre of a spiral form holding the 
place of centre, — a$%d indeed towards its surface. The nature 
of the spiral, or of the vortical fluxion of spirals, can hardly 
be comprdiended except by the pattern of a line ccnnposed of 
the circular line and of the spiral. For as the spiral line or 
fluxion is mediate between the circular fluxion and the recti- 
linear, so the vortical line and fluxion is mediate between the 
spiral fluxicm and the circular. Whether the matter can be 
expressed in any other way I know not By which spiral sur- 
face they continue their fluxions, or endeavor to continue them. 
For whether they continue them or endeavor to continue 
them it amounts to the same thing, since in endeavor are con- 
tained all the essentials of motion, and endeavor is the first 
and the last in every motion, and therefore is the actual ex- 
istence and continuation of motion. And from which, by 
means of spiral radii, they have respect to the periphery of 
some circle or to the surface of a sphere, — precisely as in the 
perfect spiral form, — and from this circle to the verimost cen- 
tre of the sphere. There is a similar ratio between this form 
and the spiral as between the spiral form and the circular ; and 
therefore I use the same terms, except that they are applied to 
the vortical form by transmutation. Ccmipare the preceding 
paragraph.* Thus the vortical form determines and enters 
into the spiral, and, by the mediation of the spiral, the circular, 
and again by the mediation of the circular the angular, — 
which latter is within the vortical form not actually but poten- 
tially. Thus is apparent how far removed is the angular form 
from the vortical ; so that the latter regards the former from 
a long distance as it were, and as existing within itself not 

♦In the Latin n. 264 is one para- have subdivided. The reference is 
graph which for convenience we to the first part of the number. 
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actually but only potentially; nor does it ever pass over into 
this ultimate form except by successive derivation. From 
which consideraHons it is apparent how great is the im- 
munity of superior, prior, and more perfect forms from the 
injury of inferior, posterior, or, in themselves and their own 
nature, more imperfect forms. In relation to this form even 
the circular form begins to be considered as imperfect ; for in 
itself and its centre it contains the principle of rest or inertia 
and also of gravity ; but not so the vortical form, and still less 
the yet higher forms of which we shall speak below. Hence 
the vortical form is the measure of the spiral form, and thus 
the form of all the forms that follow. In each form there is a 
certain representation or exemplar, as the ancients called it, or, 
according to modem authors, a certain mirror or idea of all 
the forms that follow. For not the least thing can be de- 
rived from the prior into the posterior unless there be some 
image of that thing within the prior. To g^ve to another 
something which oneself does not possess, or to produce some- 
thing from nothing is contrary to nature; but that which is 
given is contained within the parent the more remotely 
according to its distance when, by successive derivation, it is 
unfcJded. 

[265a] This vortical form compared to the spiral is a stUl 
superior and more perfect form of motion and is rather to be 
called the superior form of active forces, or of that conatus 
which lies within active forces. For within this form there 
is no least trace of opposition, but a certain natural spontaneity. 
The reason is because its radii or determinations tend to the 
surface of a highly active form, that is, of the spiral, and from 
this to the circle ; thus its force of action increases in a tiu'ee- 
fold ratio. For the spiral form is able to gyrate around its 
centre, but the vortical can gyrate around as many centres as 
there are points in the periphery of the circle to which it has 
respect. Therefore the gyration of this form is to be styled a 
perpetuo-central, or, more simply, a vortical gyration. Hence 
also it follows that this form, compared to the spiral, is stUl 
more constant in remaining in its own essence. In respect to 
this matter see the remarks on the spiral form in the preceding 
paragraph [n. 264a, 264b] ; the application follows of itself, for 
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it is a series of consequences. Nevertheless these forms, 
the inferior, are capable of undergoing a certain essential 
change, — but only with diMctUty; and the greater the dURcuUy 
of their undergoing change, the greater, after the change, is the 
difficulty of their being restored to their pristine perfection. 
This is a consequence. For, supposing a substance of this kind 
most constantly permanent in its iorm, the causes of change 
must by all means be such that the whole state can be essentially 
changed or perverted ; such, namely, that not only is the spiral 
form, to which the vortical aims as to its centre, reduced to die 
gehus or ^>ecies of another form, but likewise the circular 
form, to which the spiral form looks as to its centre, — accord- 
ing to the proposition. Thus the very centre must necessarily 
be removed from its position and plac^ elsewhere. Therefore 
until this entire disposition is changed, tiiat is, one form after 
another, no essential change is possible; and if it does take 
place, such change is necessarily in like manner permanent as 
was the constancy in remaining in its own form. But to re- 
sume. 

[26sb] Of this form also there are genera and species, and 
the genera are more or less perfect or imperfect, and liketoise 
the species. But here terms and expressions are altogether lack- 
ing whereby to distinguish them from each other according to 
their differences; for the idea of this form almost transcends 
the human understanding because it transcends geometry and its 
lines and curves. Compare what has been adduced in the point 
above [n. 264c], and make a simple application. And because 
the idea of this form almost transcends the comprdiensiofi, it 
follows that in unfolding and perceiving it we are, as it were, 
in the shade of a kind of ignorance. Wherefore, because we 
do not penetrate to this form, neither do we admit its existence 
in the nature of things; in other words, we class the things 
predicated of it as among paradoxes and conjectures. But no 
matter. There are innumerable phenomena which confirm 
die actuality of this form and its fluxion. In nature tiiere is 
an infinity of things which can never be reduced in an intdli- 
gible manner to any gecHnetrical or anal3rtical calculus, and yet 
we are persuaded of their existence. Thus there are many 
things the existence of which must be confessed even thoagh 
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we be ignorant o their nature. Nevertheless the quantity of 
this form can be comprehended only like other forms which 
oome under the infinite calculus raised to higher powers and 
whidi we are unable to resolve either by lines or by spheres. 
To resume. This form is obvious everywhere in nature and 
is seen from phenomena; for to this form is owing all that is 
possessed by the spiral form, consequently all that is possessed 
by the circular, and Anally by the angular. For into this form 
•Row the parts and volumes of the superior ether, which con- 
stitute the great vortex around our earth; likewise, in the ani- 
mate body, the parts and volumes of the purest blood or of that 
highly fluid animal essence which runs through the simplest 
fibres; and moreover, the simple Abrils themselves. See n. 259. 
To these forms is due the marvellous iron-attracting faculty 
of the magnetic forces, besides many other phenomena occur- 
ring around the magnet. For it is an evident truth thai such 
a form can in no way exist by the fluxion of substances of this 
nature, unless poles be assigned to it, and greater and lesser 
circles, just as in the great sphere; so that in any vortical form, 
least or greatest, there necessarily exists a certain pole, arctic 
and antarctic, with the idea of an axis, and, moreover, an 
equator, ecliptic, meridian, the colures,* etc., which have been 
found by observation not only in astronomical bodies but also 
in magnetic. It is thus apparent that forms of this kind really 
exist in the universe of nature, or in the world. That the mag- 
netic force and its attractio ferri (attraction for iron), as it is 
called, and also its declination and inclination, has its origin in 
some ether whose parts and volumes, largfer and smaller, flow 
according to the description of this form, has been shown at 
sufficient length in my Principia; nor do I pause in doubt, 
but am fully convinced that the cause can be derived from no 
other source. But now to a form still higher. 

266. A form superior to the vortical, prior and more per-- 
feet, is the Perpetuo-vortical form which is properly to be 
called the Celestial. The reason for this denomination lies 
in the fact, tliat this form is the supreme of all natural forms, 

*The colures are the two prin- circles intersecting each other st 
dpal meridians, being two great right angles in the poles. 
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and constitutes that great expanse which is caDed the crifsHal* 
expanse, and in Sacred Scripture, Heaven (Gen. I). It is 
also named heaven by ancient philosophers snch as Socrates^ 
Plato, Aristotle; and in commcm discourse we oursdves speak, 
of die starry universe as heaven; but there are those who 
make a distinction between heavens. Its detenmnations direct 
their windings by celestial spirals, like so many radU, to a 
certain vortical gyre holding the place of centre, and around 
it they continue their fluxions. From this [gyre] they 
hwe respect to the spiral form, and from this again to the 
circular, and from this to the angular. Thus the celestial form 
enters into and determines the vortical; by the mediation of 
this, the spiral; and by the mediation of this again, the circular, 
and so on. This celestial form is the natural principle of active 
forces, endeavors, and motions, and from it flow all other 
forces. For this form is the first and supreme of all the forms 
of nature, so that it might almost be called nature in her first 
infancy. Respecting first nature and that order wherein one 
diing depends upon another, Aristotle has some fine observar 
ticms, where he says : "Every natural form has In the supreme 
world some other and similar form corresponding to itsdf 
but more noble. ... An inferior condition (or state, ratio) 
depends on another, and conditions of this kind are many and 
singular. But that which is single depends on that which 
is universal"! (Div. Sap, sec. Aegypt., lib. XIV, cap. ix) ; and 



*CoelesHs (from caelum, 
heaven), which here and elsewhere 
is translated celestial, might with 
equal correctness be rendered 
heavenly. 

tThc following is the complete 
passage from which the quota- 
tion in the text is taken: "We 
finally conclude that every natural 
form has in the supreme world 
some other and similar form cor- 
responding to itself, but more 
noble. For in this world form 



dq>ends on matter, bat in the 
other it has not the least snch de- 
pendance; and the former is an 
image of the latter. Wherefore 
in that world also there are fire; 
air, water and earth, as there are 
also plants. But if anyone shall 
say in dispute that such diings 
are not possible in the supreme 
world,— for tiie reason that ii 
they are there then they are nec- 
essarily either vital or void of life; 
but if void of life how can forms 
here have need of them? or, if 
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elsewhere, in the chapter on the different definitions of nature, 
namely : "Nature is defined in one way as the genesis of things 
nascent Secondly, as that from which is bom all that is bom, 
the same being first existent within it. Again, as that from 
which arises, in each of the things that are in nature, that first 
motion which lies within it by virtue of the fact that it is itself. 
We say that as yet a thing has no nature if it has no appear- 
ance and form. Nature therefore is that which consists of both 
these. Strictly speaking, nature is the substance of those things 
which have in themselves for their individual existence, the 
principle of motion. But matter is called nature by reason of the 
fact that it is susceptible of this motion." (Metaphysica, lib. 
V, cap. iv.) This form is most highly constant in remaining 
in its own integral state, and if it is removed therefrom it can 
never be restored to all its pristine perfection. According to 
tlie points mentioned above, namely : That superior sub- 
stances are capable of undei^oing essential diange only with 
difficulty, and the greater the difficulty of dieir undergoing 
change, the greater the difficulty, after the change, of their be- 
ing restored to their pristine perfection (n. 26s[a]). To re- 
sume. 

[266a] The qualities which are predicable of the ce- 
lestial form can hardly be expressed by terms or ex- 
fressions applied to inferior forms, except by way of 
analogy or by eminence; for they transcend the common 
ideas of our mind, and even rational analysis and phU- 



they arc said to be vital, how did 
such things come into existence? — 
we shall answer that plants there 
arc vital because they live here. 
Bat in the plant which exists 
above that mind which is proxi- 
mate to matter and is conjoined 
dierewith, (sometimes the plant 
is here materialized), there is a 
certain nobler condition (or state, 
ratio) e£Fective of life. The truth 
is that there is a different condi- 
tion (ratio) in the plant that ts 
superior and prunary to the phmt 



here, and more noble; for this in- 
ferior condition dqiends on an- 
other; and conditions of this kind 
are many and singular. But that 
which is single depends on that 
which is universal So from these 
considerations it seems to be 
brought about that our compound 
plant is a kind of branch of that 
universal plant Wherefore if the 
plant here is vital, much more 
does it behoove that superior 
plant to be vital, which is the 
primary and true plant" 
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osophy. The quality of this form transcends the quaUties 
of other forms. We understand the properties {roHones) 
of angular forms, and also of circular forms, in that 
they belong to geometry; but we little understand the 
prc^>erties of spiral forms, and scarcely at all, — ^indeed not even 
scarcely — ^those of vortical forms. When we have understood 
these, then certainly the principles of astronomy and the causes 
of magnetic forces will by no means be concealed from us. 
If our reason, supported by mathematical and philosophical 
principles, stops here, what hope is left us of penetrating to 
the qualities and faculties of a superior form? We cannot 
express by adequate terms, nor even by figures, things into 
which we do not penetrate. From the roots of a given num- 
ber or figure, extract by means of the infinite calculus roots» 
one after another to the fourth or fifth power ; or raise them 
four or five times to higher powers ; then unfold or resolve Ac 
equation, or demonstrate it by figures or in numbers, — a thing 
you will certainly never attempt. And therefore that which is 
thus extracted or raised is not perceived as to its quality, but 
only as to the fact of its existence. Wherefore, if they are 
expressed they appear as paradoxes, to tvit: That this form or 
substance is simple, and relatively to all natural forms amd 
substances, a unit void of figure, extension, magnitude, grav- 
ity, and levity, and therefore not material. That in it nothing 
can be said to be above or below, or to be earned to a centre, 
or a surface or along a diameter. But one and the same 
point in fluxion is seen to be set in the centre, in the 
radius, in any periphery whatsoever, and in a thousand simul- 
taneously and successively. If we reflect upon tfie nature of 
etherial modification whereby arises the sensation of sight we 
find an image or likeness of fluxions of this kind, that is^ 
similar phenomena and paradoxes. For a ray springs forth 
from every point of the object or objects, and through the 
stream and myriads of rays flowing from other objects, it 
passes diametrically, obliquely, or in a straight line, in every di- 
rection ; thus one and the same ray here represents a centre, dse- 
where a circumference, and elsewhere ag^in a diameter, — nay, 
many, both simultaneously and successively. *1t is necessary 
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(says Plato) that that which receives forms of all kinds should 
itself be void of all form." He calls this form "an invisible 
iixm vcMd of figure and yet capaUe of all figures, — a form 
which is perceived with difficulty" {TimaeuSy p. 50-51 in my 
copy*). He is speaking of what he calls the One, or what 
Leibnitz calls the Unit or Monad, and Wolff Simple Sub- 
stance. Plato calls this One also the First and Smallest {Par" 
menides, p. 153), and by it he means the nature of simple sub- 
stance {Ibid, p. 166). "The One (he says) is in itself void of 
magnitude and of smallness, and it neither exceeds itself nor 
is exceeded" {Ibid, p. 150). "The simple ens (says Wolff), 
has no parts ; is not extended ; is indivisible ; is endowed with 
no figure ; is void of size ; can fill no space ; in it no intrinsic 
motion is possible ; to it can be attributed no properties that be- 
bng to a compound as such, that is, that are attributed to a 
compound by virtue of its definition" {Ont,, 673-679, 682-3). 
But to resume. That such an entity is void of gravity and levity 
is tiius explained by Aristotle : "The heavy Is that which is 
prone to be borne to the middle, the light that which is prone 
to be borne from the middle, the most heavy that which is 
gathered under all other bodies that are borne downwards. 
. . . Everything that is borne upwards or downwards has 
either levity or gravity. ... A body that is borne in a 
circle cannot possibly have either gravity or levity, for in no 
case can such a body, either naturally or pretematurally, be 
moved to a centre or from a centre. Local motion in a straight 
line is not in accordance with nature herself, for it was said 
that there is one local motion of every simple body" {De Coelo, 
lib. I, cap. iii). He is here speaking of the simple body, which 
he places midway between the infinite and the compound body. 
"Every body must be either simple or compound, and there- 
fore the infinite itself must be either simple or compound." 
{Ibid, lib. I, cap. v.) So likewise with us. For I call this 
form, or if you prefer, this substance, simple, because it is the 
first natural form ; above it, is the infinite itself (as will be 
seen), and below it are compound forms or substances. Thus 



*Tlie coi^ referred to is Stephen's edition. 



192 THE FIBRE, 

the divine essence which is above, is not to be called a simple 
form, since the name form is not suitable to it This stib- 
stance was called by ancient philosophers "the prima maieria, 
which is moved with a motion that consists in receiving form ;** 
and they said that "form is desired t^ it as eagerly as perfec- 
tion is desired by that which is imperfect" That tfie wise spoke 
in this manner is related by the Philosc^her in his Sapibntia 
DiviNA SECUNDUM Aegyptios, lib. IV, cap. iL 

[266b] Into this form flows the universe called heaven, 
that is, each solar or stellar vortex; likewise its larger 
and smaller volumes; and also its individual entiiies. 
That I use the words volumes and individual en- 
tities, as though they were compounded of parts prop- 
erly so called, arises from the fact that no other words oflFer 
themselves to me whereby the fluxions and detenmnatioas of 
this form, in that it is a form, may be e^ressed. We mttst 
therefore speak inf ra-naturally, but, as said above, we mttst 
be understood in an analogical way, or by way of eminmcr. 
"The reasoning (says Aristotle) is the same with respect to 
the whole and to the part. In a like way is it in ag^ree- 
ment with reason," etc (De Coelo, lib. I, cap. iii.) For each 
such individual entity is an exemplar representative of its unir 
verse. Such is the internal form of each individual of the 
purest blood or first animal essence which runs through the 
simplest fibres; so that its form merits to be called 
for it draws its essence from the celestial ether or from 
tive nature. That this first substance arises proximately from 
those things in the universe whereon are impressed by the 
supreme deity the principles of natural things, and wherem» at 
the same time, lie the most perfect forces of nature, see Trans- 
action I, n. 591, and Transaction II, n. 227. But to re- 
sume. The phenomena that emerge from this aura or form, 
and reach our senses, are exceeding few; for they lie inmosHj 
concealed in nature. Nevertheless the real existence of this 
form cannot be doubted; for without it there would be m the 
world neither vortical forms nor the forms succeeding thereto; 
neither, in the animal kingdom, could simple fibres have exist- 
ence, nor those infinite marvels of nature Tvhich flow out from 
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her inmost bosom and from the simple fibril and its purest 
essence, both immediately and mediately. 

867. The form superior to the celestial form, prior and 
more perfect, is the Perpetuocelestial, properly to be called 
the Spiritual, and most far removed from the ultimate or 
earthly form. Philosophers, ancient and modem, and also 
theologians call spiritual essences forms, which inhabit the 
heavens even as we inhabit the earth ** in place of forms some 
substitute substance or power, and these they name spiritual 
substances or celestial powers. Therefore we do not trans- 
gress against accepted formulas of speech when, by way of 
eminence, I call the divine spirit spiritual form itself. For 
here, form and substance coincide, as will be seen in what fol- 
lows. In relation to this form, angels also are called forms, 
such, for instance, as angelic forms; and our mind itself is 
said by the Philosopher to be the immortal and eternal form 
of forms [De Anima, lib. Ill, cap. v, viii] ; by which he 
means the spiritual form. But angels and our souls cannot 
properly be styled spiritual forms, but raAer more perfect 
celestial forms which, unlike those forms of which we have 
just treated, are created for the reception and influx of the 
spiritual form, to which also they are accommodated. Never- 
theless they merit the name spirits, inasmuch as these forms* 
to wit, angelic forms and our souls, unlike the celestial forms 
of which the starry heavens consist, are images of the spiritual 
form ; for they owe their operations to the spiritual form im- 
mediately, since, in themselves, they are inferior and posterior 
and are subject to the spiritual. But we shall see these points 
better illustrated in the following Transaction.! Above all 
created nature, and therefore incomprehensible, ineffable, in- 
expressible by the most sublime analysis of the human mind, 
form in the abstract, contemplating all other forms in order 
outside itself and at the same time in itself, in that they are 
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perfect For if we progress by a series like the one we have 
just instituted it follows that the spiritual form refers itsdf 
to the celestial, just as the latter refers itself to the vortical, 
and so on to the angular, which is the last in the order of re- 
spects and representations. Thus it can be said that this form 
contemplates other forms both as outside itself and as within 
itself, — ^but within itself, in that in their own d^^ree tfiey arc 
most highly perfect; for nothing of imperfection can oome 
forth from that which is most highly perfect WUh which the 
material, the extended, the fluid, and whatever is terminabU 
in nature, and therefore accidents and modes, have no com- 
patibility; thus neither the terms whereby material things we 
expressed, — except indeed by supereminence; for it is above 
all predicates. Thus a more abstract speech, which may be 
spiritual and angelic, or a more sublimctted thought, must be 
used in expressing and determining the powers and essences 
of this form. Unless this form were flowing into the inferior 
forms the latter would neither exist, nor subsist, nor be 
moved, still less would they live, understand, and be wise. 
Thus this form is the principle of existence, subsistence, oc- 
tion, life, understanding, and wisdom. 

268. But the perpetuo-spiritual form is the Divine form 
itself, — not properly a form, but pure essence, Ufe, intelligence, 
wisdom, and most utterly abstracted from space, time, mat- 
^^> ^g^re, motion, change, destruction. On these points tiiere 
is a consensus of opinion among philosophers, including the 
ancients, such as Plato who approaches the subject as follows: 
'The One is infinite since it has neither b^^inning nor end? 
Yes, infinite.* . . . Therefore it is without figure, since 
it partakes neither of the round nor of the straight . . . 



♦This is the answer given by 
Parmenides to the question pro- 
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Nor can it be carried around in a circle" (Parmenides, p. 137, 
138). The creator of all things, the beginning and the end. 
'There is a oonviction in the souls of men (says Plato), that 
God is the commencement and the end of all things, and that 
his force and power efficaciously permeate all parts of the 
universe" (De Legibus, Kb. IVt). "All things are full of the * 
gods" (Epinomis, p. 991.) Far above nature, and outside of 
which are all things. "The infinite (says Aristotle) is not 
diat outside of which is nothing, but that outside of which is 
always something." (Naturalis Auscultatio, lib. Ill, cap. ix.) 
Thus he wishes to make the world either coeval with tfie in- 
finite, or else eternal. But he speaks according to the last 
acumen of his perception ; for the intellect is not capable of 
penetrating beyond or above nature, thus into the eternal or 
infinite; therefore he does not discriminate the ont from the 
other. But, being better enlightened by the Scriptures, we 
know that these two, namely the divine and the natural, are 
utterly distinct For the rest, he affirms that all things are be- 
low God, yea, even tiie elements themselves or simple sub- 
stances. "All philosophers unite in making subject to the in- 
finite some nature or other of tiiose things which are called ele- 
ments" (Natur. Auscul., lib. Ill, cap. iv). "The elements 
of material tilings are not matter, neither are they infinite" 
(De Generatione, lib. II, cap. v). "The element of bodies is 
that into which are divided all other bodies wherein it resides, 
either potentially or actually" (De Coelo, lib. Ill, cap. iii). 
Thus incomprehensible. For in it is all that is perpetual, in- 
finite, eternal, unlimited, holy; and it is the order, law, idea 
of the universe. This form inflows into celestial and angelic 
forms, and into our souls, by the meduUion of the spiritual 
form and of the Word. But so many are the arcana, that it is 
better to be silent, to be lost in astonishment, to fear and adore, 
than to speak of this subject in a way not holy, that is to say, 
naturally. Compare Transaction I, n. 296-298, and Transac- 
tion II, n. 265-268. 

269. In addition to the natural forms of the unk/erse or 
world recited above, first among which is the celestial form, 
there are also other forms which are called vital and therefore 
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also spiritual, such as angelic forms, and human souls and 
minds, as also the souls of brutes. For these f onns are called 
spirits not only by philosophers but also by theologians, — bodi 
by the Fathers such as Augustine and others, and by their 
disciples ;"*" and this because they are partakers of life and like- 
• nesses of intelligence. These are posterior to the verimost 
spiritual form, inferior and more imperfect; and therefore 
they are Tvithout and below it, that is, are subject to it. These 
forms are created for and accommodated to, not only the be- 
ginning of motion but also the reception of life and intelU- 
gence by means of influx from the spiritual form. This point 
has been treated of at length in Transaction II, n. 241-272, and 
tiierefore I refrain from treating of it again. On which ac- 
count they a/re images and likenesses of its operations, and 
therefore are called spiritual forms. These forms descend 
into the ultimate world, and ascend therefrom, by a similar 
ladder and in a similar series as the forms mentioned above 
which are purely natural and, in consequence, relatively dead,-^ 
being neither participant of life and sensation still less of in- 
telligence, nor capable thereof. The manner in which thcjr 
ascend and descend has also been copiously demonstrated in 
Transaction II, n. 272-291, and elsewhere throughout; for this 
is the very subject of our Transactions. And in respect to es- 
sential determinations and fluxions, they in every way emulate 
the forms of the universe or world, and so correspond to them 
that the one flows into the other in the most highly suitable 
manner. For instance, angular forms into the sensories of 
taste and smell; the circular or modificatory form of the air, 
into the sensory of the ear; the spiral or modificatory form 
of the ether into the sensory of sight or into the eye, oiirf so 
on. Compare Transaction II, n. 288-291, and elsewhere. So 
the spiritual form flows into the soul itself which is formed for 
the reception of its divine operation, whence arises its principle 
of life, and intelligence. [Transaction II, n. 292.] For whidi 
reason I have ventured to style the soul or its substance the 
supereminent organ in its body. Compare Transaction 11, n. 
^75. Thus from the forms of nature, we learn the quality of 
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thg forms of life, the series of which forms is represented in the 
animal kingdom alone as in its microcosm. 

270. In addition to the forms of the universe or world, and 
the forms of life, there are also forms of the vegetable king' 
dam and forms of the mineral kingdom; of all which forms 
there are genera and species, and genera more or less perfect 
and imperfect, and so likewise species. There are no other 
forms but forms of the world, forms of the animal kingdom, 
forms of the vegetable kingdom and also of the mineral. The 
forms of the three kingdoms are dependent on the forms of 
the world and correspond to them. Thus, from the forms of 
the world we learn the quality of the forms of its kingdoms, 
Und the manner in which the spiritual form flows into them 
immediately or mediately, to the end that all things may flow 
constantly from an end, through ends, to an end, in provident 
order. Compare Transaction II, n. 267, 268. 

SJ71. Such is the ascent of forms from the tower to the 
higher; nor is this ascent merely an ascent of forms, but it is 
also an ascent of substances, forces, modes, qualities, and oc- 
cidents, — none of which would exist without forms. When 
we thus raise ourselves from inferior forms to superior, we 
Ofre said to ascend into a superior, prior, more universal, sim- 
pler, purer, and more perfect nature, sphere, potency, world, 
aura or ether; nay, to superior heavens; but there is a higher 
and a lower region in each sphere. For we talk of a higher 
and highest region of the atmosphere or air and also of a 
lower and lowest ; and how far soever we ascend into this, we 
are still in the sphere of air. So also in the case of the other 
auras. Therefore a region cannot be said to be prior and 
more universal. In each degree, when forms are carried up by 
this ladder, something earthly, material, and Unite is cut away 
and put ofF, and a certain celestial, perpetual, and infinite is 
superadded and put on. The perpetual and infinite in the 
circular form is the circle itself, since it lacks b^finning and 
end ; but there still remain in it semidiameters or radii, which, 
since tfiey terminate in some centre, are finite. This finite iB 
put off in tile spiral form, since the radii of this form ter- 
minate in some circular surface whidi is of infinite fluxioiL 
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But since what is finite still remains, by virtae of the fact that 
the spiral in this surface is determined into another form of 
motion, therefore in the superior form this finite is put oflE, 
and tile loc^ng to a centre or point of rest, together with what 
is linear, recedes ever farther away. Until at last nothing ex- 
cept what is perpetual, infinite, eternal, pure, holy, that is, di- 
vine remains, "It is evident (says the Philosc^her) that that 
which is first of bodies is perpetual, and neither increases nor 
decreases, grows old nor is subject to alterations or pas^ons 
(De Coelo, lib. I, cap. iii). "God first created the supreme 
world in which, without any thought, he set up fc^ms all pure 
and perfect, — such, namely, as are procreated with their es- 
sence without affections. Afterwards he created this world 
tiiat falls under our senses as an image of the former." {De 
Sap. Div. sec. Aeg., lib. XIV, cap. vii.) 

272. JVe have striven towards these principles by the anor 
lytical way; from them, thus searched out, that is to say, from 
things first, let us now descend by the synthetic way to things 
postreme or lowest. For in order that we may arrvue at prin- 
ciples which may be so many truths, it is necessary that we 
strive thither from things posterior, that is, from experience 
in the region of effects. But let us not make a leap to things 
supreme without paving the way by matters of experience 
for then we may readily seize upon falsities as truths. To 
strive from things posterior to things prior is called the ana- 
lytical way or method, while to descend from thing priw to 
things posterior is called the synthetic way or method. The 
analytical is to us, since the fall, the natural way ; for we ar- 
rive at none of the sciences except by sensual experience whidi 
is made up of a totality of observed phencmiena and modes; 
and therefore also we are long in acquiring wise judgment 
The mind so depends on the experience of its senses that it 
hardly dares to reason unless it is supported by experimental 
proofs, and when these are lacking, it stands as it wer^ im- 
potent and knows not whither to turn. In the same order then 
it follows that from the Divine proceeds the spiritual, from the 
spiritual is created the celestial, from the celestial is produced 
and flows the vortical, from the vortical the spiral, from the 
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spiral the circular, and from the circular the angular. Thus by 
a long series of succession and derivation, or by six degrees, 
there is produced from the most perfect that which, in itself 
and its own nature, is more or less imperfect, although in that 
is not in itself imperfect because it docs not approach to thfl — ^ 
sphere nothing more perfect than itself can exist. A things 
perfection of the prior ; but in its own degree it can be most 
highly perfect For example a brute animal or the soul of 
brutes may in itself be most highly perfect, although it does 
not approach to the perfection of man and his soul. In itself the 
circle is perfect, despite the fact that the spiral is more perfect 
tiian the circle, — for it is necessary that what follows in the 
order of derivation should be relatively imperfect. "In nature 
(says the Philosopher), the perfect precedes the imperfect ; ivota 
which considerations it is clear that in the nature of things 
there is in a body some substance other than those constituents 
of bodies which we find around us, more divine than them all 
and prior to them." {De Coelo, lib. I, cap. ii.) "In nature 
are implanted the principles of generation." {Sap. Div. sec. 
Aeg., lib. VII, cap. iii.) "[The prima materia exists by motion 
which is perfect action] . It is comprehended by the thought 
as being according to an infinite vicissitude of change from 
one form into another, nor does it obtain the place of a prin- 
ciple (or banning) except only by the reception of form." 
{Ibid, lib. IV, cap. ii.) That nothing imperfect was created 
by God, nor can be created, is dictated by Sacred Scripture, 
and by sound reason ; and this is true of man, of the solar sys- 
tem, and of our earth. But that forms most perfect in their 
own degree become in themselves more or less imperfect, that 
is, are changed essentially, I do not mean forms of the world 
which are void of life, but forms of the animal kingdom, that 
is, souls, and also angelic forms, all which are endowed with 
liberty of action. From the change of the more perfect state 
of tfiese forms into one that is more imperfect flows also a 
change of the elements, nay, of the earth itself, — ^a truth which 
may be abundantly confirmed and which Sacred Scripture it- 
self teaches. This comes from causes without and below, and 
thus from causes within themselves, but not from causes above 
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themselves. For if a form, in itself and its own nature more 
imperfect than a higher form and more perfect than a lower^ 
seeks and yearns to become of the same quality as the superior 
form, or of the same quality as the inferior, then it necessarily 
undergoes essential change; and then the forms which have 
their descent and generation from it take on a similar and still 
greater imperfection according as they are distant from their 
origin. 

273. In order that we may represent to ourselves an idea of 
the generation and derivation of such forms, or, of one from 
another, it is necessary that we hold to the idea of the exist- 
ence of the superior forms within the several inferior, and at 
the same time to the idea of accidental changes; for the per- 
fection of higher forms consists in the undergoing of acci- 
dental changes. What accidental change is and what es- 
sential change has been explained above* [n. 241]. Therefore 
when a number of superior forms unanimously associate to- 
gether, and enter into, determine, and constitute one form which 
is then called a substance per se, there comes into existence a 
proximately lower form; and when these latter forms similarly 
associate together and enter into one form, there comes into 
existence a form still lower, and so on in order. I speak of a 
number of forms associating together into one, just as though 
there were in superior forms plurality or quantity, and spatial 
relations, so that they can approach nearer, associate together, 
and be distinguished from others. But, seeing that form is 
an essential determination, and such determination cannot be 
conceived of without fluxion, nor fluxion without the idea of 
something that is determined, — ^whether it be a point, or a like- 
ness of points, or anything whatever that is something, — there- 
fore we cannot abstract the idea from a representation of 
plurality. Otherwise we should perceive nothing. In default 
of words in the higher spheres which shall correspond to words 
in the lower spheres, recurrence must be had to words of which 
we have some notion. Let us suppose tiien, that a partide of 
air is a kind of minute bladder, or, for the sake of a better un- 
derstanding, let us take [a particle of] aqueous yzpor. Sup- 
pose this to be distended by a small volume of air, and each 
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particle of tiie air by a small volume of ether, and each particle 
of diis by a small volume of higher ether ; thus [the particle of 
aqueous vapor] by so many forms each in due order more sim- 
ple than the other. It then follows that one form is generated 
from the other, and that the vapor or the aqueous bulla is the 
complex of them all, and that in it exist all forms from the 
first natural form to the last Then, if the form of fluxion 
of the higher ether be vortical, it follows as a consequence that 
die fluxion of the ether within the bulla, is spiral, while that 
of the air is circular. But this will be better learned from a 
consideration of the fibres. Wherefore when a compound 
form is dissolved it reverts to the prior form. "All natural 
things (says Aristotle), have within themselves a certain order 
in which one depends on the other. In this order that which 
is posterior, when it perishes, reverts to that which is next 
among things first, until it is brought back to the celestial 
orbs." (Sap. Div. sec. Aeg., lib. XIII, cap. viii.) Th\is one 
form Hows into the other, and that which is prior is always 
more internal, and that which is posterior always more ex-- 
temal, and hence more remote. Thus the first form is toto 
coelo distant from the IcLst, though inmostly residing in it. 
Hence it follows, that in the compound there is nothing sub- 
stantial save that first and one which is called simple substance. 
"In the compound ens (says Wolff), there is nothing substan- 
tial save simple entities." (Ontologia, p. 792.) 'There are 
no substances save simple substances, and compound entities 
are aggregates of substances" (p. 793). And that veriest force 
perpetually impressed, which resides therein. "If there is 
force in a compound substance (says the same illustrious 
autiior), it must result from the forces of simple substances" 
(Ont., 795). "Being, (says Plato), is distributed throughout 
the whole multitude of things, and from not one of all the 
things that are, either the smallest or the greatest, is it absent ; 
moreover, in every single part of being is present the One 
(that is, simple substance, the unit or monad), which is ab- 
sent from no part, whether small or large." (Parmenides, p. 
144.) "Ccmipounds (says Aristotle), are moved at the nod 
of the simple which is within them dominating and overrul- 
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ing." (De Coelo, lib. I, cap. ii.) "The first moving must 
necessarily move itself ; whidi motion it undergoes according 
to nature ; and the things which are moved, not being quies- 
cent in their place by force, must necessarily establish that 
order which they now observe." {Ibid, lib. Ill, cap. ii.) "A 
simple body must of its own nature be fitted to be borne in a 
circular motion; that such a motion be the first motion is a 
necessity." {Ibid, lib. I, cap. ii.) Such is the ingeneraiion 
and such the generation of forms or substances compounded 
from their simples. But that inferior forms may not falli 
asunder, but may subsist, and the superior flow into them, it 
is necessary that they be also distinct and that each one farm 
and occupy its own sphere, to wit, the more perfect forms the 
superior sphere, and the more imperfect the inferior; in such 
way, however, that superior forms shall ever be present in in- 
ferior, and not the reverse, "To God is given the highest 
and first seat of the world (says the Philos<^her). That body 
most greatly feels his force and enjoys his divinity, which is 
situated next to him ; then that which holds the second posi- 
tion, and each body thereafter according to the order of posi- 
tions constituted by nature, all the way to our position." {De 
Mundo, c. vi.) For which reason it is impossible that there be 
any vacuum, 

[273a] From these considerations it now follows that 
posterior forms may undergo essential changes, while the 
prior forms still remain permanent in their integrity, except 
that these enter into accidental changes, and by reason of 
this, are as it were absent, although they are most fuUy 
present' just as before, but not with the same power and 
force. For if the generation be such as has been described 
it follows that the inmost forms may nevertheless remain per- 
manent in the int^frity of their essence even though the ex- 
ternal determinations, or the determinations of the exteriors, 
be changed. Take, for instance, the aerial bulla or bladder 
spoken of above, which is of the circular form. If tins should 
be changed into an elliptical form it would not prevent the in- 
terior bullae from being able to retain the determinations of 
tlieir own fluxion; for a change in tiie compound does not 
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penetrate to those more simple forms so that they likewise 
are changed. They do not indeed then flow according to their 
whole nature ; for in the dlipse they must reg^d two centres, 
and not one as in the circle. Therefore, by their accidental 
dianges they accommodate themselves, to wit, that they may 
mutually regard each other through variations of expansion 
or contraction, and thus may associate together. This as- 
suredly in no way changes their essence, although their force 
of operating according to all their potency is diminished. Thus, 
in the triangle, wherein are perpetual oppositions of determina- 
tions, they may be said to be deprived of their fluxion, but not 
Aerefore of tiheir endeavor to action. But to treat of these 
matters briefly is to treat of them obscurely; it suffices, hovh 
ever, for the intelligent." Let us now return to our fibre. 

CHAPTER XVII. 

THAT THE SIMPLE FIBRE IS OF A CELESTIAL NATURE. 

274. Before we gird ourselves for a treatment of the sim- 
ple fibre, let us premise the universal rule of the derivation 
of forms. The nature of the series in the derivation of forms 
has been explained just above, n. 273, but I have not reduced 
it to a universal rule. N comely, That the form* of parts, in- 
dividuals, substances, or units in themselves, is always su^ 
perior to the form of the volume, or of the parts, or of such 
units among themselves. They are called parts when they are 
endowed with figure and size; but when elevated to superior 
nature, they put off the qualities of figure, and are no longer 
called parts but simple substances or units, — as they are called 
also by philosophers, ancient and modem; in other respects 
they may also be called individuals. Meanwhile, that the form 
of the individual is prior to the form of the volume of the parts, 
and superior and more perfect, has been shown above, n. 273. 
For the compound cannot but be posterior to and more im- 
perfect than its components which are simpler and purer; 
and, therefore, when a compound is resolved it rels^ses into a 
superior or more perfect sphere of nattu^. Or, that we come 
to a superior form only by the division or destruction of the 
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part or unit, and to an inferior form only by the gatherit^g 
together of such parts, that is, by composition. That there is 
no ascent from the substance of an mferior d^ree to the 
substance of a superior except by the division or destructiofi 
of the unit, see Transactions I, n. 1 58-161, and II, n. 222, 29a 
Thus is it in the macrocosm or in the world, and thus in the 
microcosm or in the animal body. 

276. From these considerations it follows that if the form 
of the blood vessels be circular, then the form of the medullary 
or nerve fibres is spiral, and the form of the simple fibre is 
vortical; and, finally, that the form of the individuals, sub^ 
stances or units which raise up* and determine the simple 
fibre, (see n. 254), is celestial. Thus fibres are elevated in due 
order from the next to the last all the way to the very first 
form of nature. For blood vessels are compounded of nerve 
fibres, nerve fibres are raised up by the simple fibre, and the 
simple fibre is determined by its individuals which are so 
many simple substances. Compare above, n. 257, 258, 259. 
The origin and derivation of blood vessels from fibres wiH be 
dealt with in a special chapter [n. 298 seq,]. This is the case 
not only in the composition of fibres, but also every- 
where else in the body, as, for instance, in the great heart 
This heart is fimply expanded and constricted, like a drctilar 
form; but its constituent parts, or the motor fibres extended 
from the upper edge of the base obliquely, downwards, and 
crosswise, at last wind around after the manner of gradual 
spirals. So also in the brain, where the cortical substances, 
led around into intestinal tracts as it were, perpetually go and 
return into harmonies (numeros) and gyres emulating those 
of the spiral. The medulla spinalis also winds its fibres into 
similar gyres ; whereby it comes to pass that their reciprocal 
motions carried on with ease and without any sense of re- 
sistance, do not cease until they themselves cease to live. That 



*Excitare, the word here and that which raises up or constmcti 

elsewhere translated ''raise up" its organ or receptacle, also 

might, with equal correctness, be rouses up or excites that organ to 

rendered "rouse up" or "excite.'* action, i. e., vivifies it 
Both meanings are involved, for 
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nature has transcribed its whole power of action into the spiral 
fluxion is dear from things obvious to the sense, as for instance 
from the screw ; for the more gradually the spirals or oblique 
g^rooves of a screw are raised above the horizontal plane, the 
more do resistance diminish, weights disappear, and inert 
forces become elevated more nearly to the active, nay, the 
spcmtaneous forces of nature. What tiien would not be the 
case in forms perpetuo-spiral or vortical? and what not in 
celestial forms? Is there not in these the beginning of the 
spontaneity of nature? 

876. Such is the mutual ingeneration and composition of 
-fibres and vessels in the animal body, and such is the deriwh 
Hon of forms; but in order to their subsistence, it is neces- 
sary that they be also distinct, that is to say, that posterior 
forms, or vessels, form and occupy their own sphere, and 
prior forms, or fibres, theirs. See above, n. 273, and Transac- 
tion I, n. 602, 603. Therefore they are allotted places in such 
way that ultimate fibres or blood vessels hold and in/ill the 
body proper and its provinces, medullary fibres the cerebrum 
and cerebellum, and simple fibres the cortical substance itself, 
which resides in the supreme place. The cortical glands whichN 
are the origins of the fibres are woven of none other than j 
simple fibres, as is shown in Transaction II. Thus, comparing 
the body with the lowest sphere, or with the sublunary region. 
Us heaven is the brain divided into orbs and hemispheres, 
while in the higher place or above heaven resides the cortical 
substance which pours out its fibres like rays through the 
brain into the universal body. 

277. Thus the microcosm or animal world is likened to the 
macrocosm or universe, wherein are spheres celestial, sub- 
lunary, and terrestrial. The likeness also lies in the fact thai 
the sphere which holds the supreme position or which re^ 
presents heaven is also within and most fully present in all the 
inferior spheres. Thus the cerebrum and more especially the 
cortical substance which is the common sensory and motory 
of all parts of the body is present everywhere in the inferior 
spheres; and it not only contemplates them but also governs 
them at its nod and wUl; and if it were not most fully 
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present among them by means of fibres, the several parts in 
the kingdom, together with their wholes, would come to ruim, 

278. But in the cortical substance, or inmosUy in the su- 
preme heaven, the soul which partakes of the divine essence, 
has, like a deity, Axed her abode. For from this substance and 
by means of it, she discerns and disposes the several things 
in her world and system, and in each of them she provides 
that order shall be observed. To her, therefore, within her 
kingdom, is assigned a certain species of omnipresence, 
power, knowledge and providence. Compare Transaction I, 
n. 258, 259. That she has also formed and, as it were, created 
all things, see ibid, n. 253 seq. 

279. Sifirce then the simple fibre is produced immediately 
from substances of a celestial form, it follows that it is not 
of a terrestrial nature, but far removed from terrestrial forms; 
having its origin in the purest ether, or in heaven; — contrary 
to the sentiment of Aristotle and the peripatetic school, who 
calls the fibre earthly; but, Oh, how far removed it is frcMO 
this 1 Placed at the height or summit of nature so that it may 
almost be called nature herself in her first infancy, it is that 
in which is the principle of natural forces, conatuses and mo- 
tions, and from which all other forces flow. See what was 
said above (n. 266) with regard to tiie celestial form, with 
which the present points coincide. Its qualities cannot be ex- 
pressed in words, — qualities which, if they should be ex- 
pressd, would appear like paradoxes, to wit: That it coi^ 
sists of simple substances, as of so many units or mon- 
ads, which are void of figure, extension, size, gravity, and 
levity, and hence are not material; and. That they are so many 
exemplars representative of their universe or microcosm; that 
is, that in themselves they contain in potency everything in 
the universal corporeal system which, after formation, comes 
under the senses and becomes apparent. All these particulars 
may be seen explained in the preceding chapter on Forms. 
From such forms, natures, or heavens, is raised up and deter- 
mined the simple fibre from which are all compound fibres. 
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CHAPTER XVIII. 

THAT THE SIMPLE FIBRE IS FROM SUBSTANCES OF A SPIRITUAL 
NATURE, AND THUS IS PARTAKER OF UFE. 

mo. In addition to forms purely natural, or of the world, 
there are also forms which are partakers of life and in- 
teliigence. These likewise are superior and inferior, prior 
and posterior, thus more or less perfect and imperfect 
All are subject to the verimost spiritual form, for they are 
created for the reception of its life and intelligence and are 
accommodated thereto. Wherefore they are images or like^ 
nesses of its operations; and therefore they also are called 
spiritual forms. These points may be seen better explained 
above, n. 269, and in Transaction II, chapter iii [n. 231-239 
On the Human Soul] . 

281. Of this kind are those first forms in subjects of the 
animal kingdom, — superior and more perfect in men, inferior 
and more or less imperfect in other animals, and most imper" 
feet in insects. These forms, in like manner as forms purely 
natural, descend by order of derivation and by a successive 
series, even to the ultimate world; and suitably to their nature, 
they construct and create the microcosm which is called their 
body. For they are exemplars representative of their universe, 
and contain, as it were in a type, whatever afterwards comes 
to view in the constructed body. On these points compare the 
whole of chapter iii, Transaction I, [n. 241 seq.] On the For- 
mation of the Chick in the Egg. Fibres are the determinations 
of their forces, and, at the same time, are rays of intellectual 
light, — fibres which they send forth from the brain as from 
their heaven, and by the mediation whereof they act and sen- 
sate. Thus these forms may be called so many powers, lives, 
and intelligences. 

282. These forms, because they are entities of primitive 
nature, and are the beginnings of the forces, conatuses, and 
motions in their own system, and depend immediately upon 
the spiritual form and its influx, can be no other than those 
celestial forms of which we have already treated, and which 
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raise up and determme the simple fibre. For if tkey wen 
superior to celestial forms they would be above nature and im 
like degree with the divine spiritual form. Therefore, because 
they are these same celestial forms, the fibres raised up by 
them are consorts of life. 

288. Now, in thai the fibre is from substances of a spiriiuat 
nature and is thus itself partaker of life, it follows that ihd 
medullary fibres also, in their own manner, are living. For in 
the medullary or compound fibre there is nothing substantial 
save the simple fibre; therefore, in that fibre there is a more 
common, that is, a more obscure life. This is the reason why 
every modification of the ether or air, as soon as it strikes a 
sensory organ constructed of fibres, begins to live, and is catted 
sensation, 

284. Posterior or more imperfect forms of this kind, which 
are the first forms of other animals, are also created for the 
beginning of motion and at the same time for the reception of 
life. Although they are posterior, nevertheless the spiritual 
form flows into them immediately; scarcely otherwise, if we 
may use the comparison, than as solar light flows both into 
objects or substances which are more simple and into those 
which are more compounded. But the more simple th^ art^ 
in that they are more perfect, the better and the more disdncdy 
do they receive it, and the more singly do they apply its virtue 
and goodness to themselves. See Transaction II, n. 261-265. 
But they are inferior forms, and are compeers to those which 
we have styled vortical. Wherefore many of them are, as it 
were, living magnets which, of themselves and their own na- 
ture, know the quarters of the world. That to the vortical 
form are due the marvellous phenomena occurring around the 
magnet, see above n, 265 [b] , and further, in Transaction II, 
n. 338-347. Nor are they capable of receiving superior life, 
that is, intelligence, still less wisdom; for, they are as distatU 
from man as is the vortical form from the celestial. 
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CHAPTER XIX. 

THAT THE SIMPLE FIBRE IN ITS BODY IS ANIMATED FRINCI-t 
PALLY ;"*" OR, THAT IT FLOWS FROM THE SOUL IMME- 
DIATELY, AND IS OF ITS SUBSTANCE. 

285. In this chapter I have appointed to treat briefly of the 
Kml and its nature and essence. But what the soul is, and what 
its nature, is a subject which does not suffer itself to be de- 
livered in a few words, nor in bare words, without illustratioQ 
from examples and philosophical axioms, and without the 
authority of the learned, — ^an authority which, to human minds 
Dot so far refined as to penetrate with minute exactness in de- 
termining whether those things which sound like truth and 
are said to be such, are really true, brings much light because 
much faith. That I may satisfy the reader in these matters, I 
have decided to enter upon a special treatise on the commerce 
of the soul and body, and on its state in tiie body and also 
after the death of the body ; and at the same time to bring for- 
ward the opinions of the learned, and to set forth in what way 
they are consentient and dissentient.t Here I could do no 
other than put forward, as by way of preface, such 
things as are seen to conduce to an illustration of the point 
that this celestial and spiritual form, of which I have treated 
in the preceding pages, is th^ same as the soul. Wherefore, 
essences and intelligences such as human souls are, are fre- 
quently called by philosophers, nay, and by theologians, forms, 
such as angelic forms, spiritual forms. 

886. The universal body is animate; otherwise it would 
neither be, nor live. For that in the body which is, and thai 
which lives, is the soul. The body without the soul neither ex* 



*Principaliter, from principium. 
The meaning is that the simple fibre 
b animated from firsts. 

tThis promise was fulfilled, at 
any rate in part, in the work on 
the SoxTL or Rational Psy- 
chology; see the author's preface 
to that work. See also the little 
work on Ths Soul and 
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ists nor subsists nor moves; but the soul without the body 
both exists and subsists and aiso acts; for the soul is the be- 
ginning of its body, and also its representative exemplar}^ 
therefore the body is the type, image, simulacrum of the opera- 
tions of its soul, 

287. There is nothing existent in the universal world, noth" 
ing in the threefold kingdom of the world, animal, vegetable 
and mineral, yea, neither is there any society, nor action, nor 
utterance and speech, within which is not its own soul. Where- 
fore, unless we dispose the several parts according to the form 
of the soul itself, which is the essence of the things that fol- 
low, we are diverted from the path of nature. So also, unless 
things that exist are perceived as being correspondent to their 
soul, we do not penetrate within the surface of things, nor 
to their very kernel or marrow. And that is the soul of a thing 
which is first, which is in seconds, which is the universal reg* 
nant in thirds, and to which everything owes the fact thai ii 
is such as it is. That which, according to the order of nature, 
has been made such as it is, that is, has been formed by the 
soul, is called its body, and this is the more perfect in the degree 
that it is a type, image and simulacrum like to its soul. There- 
fore, he who calls the soul into doubt, necessarily calls into 
doubt the existence of every single body, and of every thing 
that exists in the world; for the corporeal structure and form 
is from the soul, and is the ultimate image of its forces and 
operations. By reason of this, the soul is the form of forms of 
its body. 

288. Therefore none can be so insane as to deny the exist- 
ence of the soul, unless he wishes to deny his own existence 
and that of all the things which are within him and which 
are without him. Now because there is nothing existent in the 
created universe which has not its own and propria! soul, the 
enquiry to be made is, not whether the soul is, but what is its 
nature in each subject. It is from form that the soul is such as 
it is, and that it is of this or that genus or species. By soul we 
ordinarily understand that,— cither in ourselves or in brutes, — 
which is, that is to say, which lives. But there are soub of 
every existing thing, both in the vegetable kingdom and in the 



THE SIMPLE FIBRE IS ANIMATED, 211 

mineral and in the universal world; or, everything, especially 
in compounds, that has any existence from things prior [has its 
own soul] ; for the soul is that which is first in them and 
reigns universally, and without which they would not exist 
Wherefore, in familiar discourse, we say that such and such 
is the soul of society, the soul of speech, the soul of action. 
And because there are so many genera and species of com- 
pounds in each kingdom, nay, in those things which are called 
accidents and modes, therefore, the soul is not living except 
in the animal kingdom. The soul of angular forms is the 
triangle, for this it is that dominates in all forms of this class 
and degree; nor is it really the triangle, but the essential de- 
termination or the form of the triangle, which makes it to 
be such as it is, that is to say, inert, and not of itself suited for 
any motion. So also in other cases. That substance in a sub- 
ject which is the first substance that hcts such form within it, 
is said to be its soul; which substance is therefore called sim^ 
pie substance, the one, or the unit or monad. 

289. In order, therefore, that it may be known what the 
human soul is and what its nature, recourse must be had to 
form itself. According to what has been said, this form, as to 
nature, is celestial, and as to life, is spiritual, simple, void 
of part, size, extense, figure, motion, gravity, and levity, not 
corporeal nor material. 

S®0. But because there is no form without determination, 
4md because no determination can be conceived of without 
fiuxion, and no fluxion without the idea of part, extense, figure, 
motion and matter, therefore these several properties are to 
be represented as though they were within, — but by analogy 
or eminence; for what therein is essentially determined, 
whence arises the form, is not nothing, but is something. But, 
by elevation from power to power and thus by degrees, every- 
thing which partakes of figure, motion, and matter, puts off 
that which has held it finited and limited. For when forms 
are carried up by their ladder, at each step something earthy, 
material, and finite is cut away and put off, and a certain 
celestial, perpetual and infinite is superadded and put on ; sec 
above, n. 271. And thus puts off the very terms whereby finite 
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things are represented. But words are required, if such there 
be, within which is a perpetual and infinite such as is xoithim 
superior forms; but then one must speak angelically and spirit^ 
ually, or, during this life, must think abstractly, that is, in re* 
spect to such matters, must speak by analogy and eminence. 
/ 281. From these considerations it now follows that the 
soul is the same as simple substance within which is celestial 
and spiritual form; and hence that it is the same as those forme 
of which we have just now treated. From these forms, as from 
so many simple substances, is raised up and determined the 
simple fibre. Wherefore this fibre flows immediately from the 
soul, and thus in its corporeal system is animated principally, 
that is to say, is endowed with a celestial nature and a spirit* 
ual nature. Thus the simple fibres are so many rays of the 
intellectual light of the soul, and determinations of its conatusee 
and forces, that is, of its will. 



CHAPTER XX * 

THAT THE UNIVERSAL SIMPLE FIBRE IS RAISED UP FROM FCMtMS 
OF A CELESTIAL AND SPIRITUAL NATURE. 

292. It is necessary that the simple fibre also be tra$is* 
pirable, pervious or gifted with an exceedingly minute cavity, 
and thus be an idea or image in least effigy of its compound. 
Otherwise neither itself nor anything whatever in the body 
which is animated by it, could derive and carry on its origin, 
progression, order, law, motor force, and sensation. Where-- 
fore, the simple fibre without a perfluent analogue of a fluid 
would be a thread or line impotent of action. Confer, n. 253. 

293. Because in the simple fibre there is the likeness of a 
cavity and the likeness of a surface such as exists in compound 
fibres, it follows that those most perfect forms or substances 
by which that fibre is raised up and determined, put on such a 
state that there are things which represent a surface and thmge 

♦Several of the principles laid paragraphs of the Rational Pst- 
down in chapters xx-xxvi, arc chology, n. 1-14, 
brieiay presented in the opening .' \.. r * : 
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which represent a fluid running through the cavity. In order 
ihai they may put on this state they must undergo acddentat 
changes whereby they are rendered more or less active and 
more or less susceptible of life. What an accidental change 
is and what an essential, I have explained above [n. 241], 
namely, that an accidental change consists in their being able 
to be rendered more ample or more constricted while the form 
remains ever the same; as, for instance, if the circle become 
larger or smaller, still the essence of the circle is not then 
changed, but it is rendered more or less active. And thus 
ihey maintain such an order that the likeness of a surface and 
4he likeness of a cavity is formed in the simple fibres. For 
the perfection of superior or more simple forms consists iti 
4heir faculty of undergoing accidental changes. 

CHAPTER XXI. 

THAT THE SIMPLE FIBRE IS NOT SOUD, BUT APPROACHES RATHER 

TO THE NATURE OF A FLUm. 

884. The simple fibre, consisting of forms most pure, most 
active, and at the same time living, cannot but be in perpetual 
Huxion, that is to say, be determined by the fluxion of its sub^ 
stances. For the sole thing that induces rest on such sub* 
stances is their determination according to a form other than 
ihat which is proper and natural to them, — and in the simple 
fibre this is not possible. As for instance, in the angular 
figure ; for in this figure, they are able to be determined, not 
according to their own nature or form, because not into the 
circular or spiral or vortical form, but to an infinite number of 
centers which do not conspire to a form perpetually mobile; 
and because there are perpetual oppositions and collisions there 
arises rest and inertia. It is otherwise in the simple fibre 
wherein there is left to them entire liberty of fluxion. 

898. What in itself and its own nature is fluid precedes 
what is solid; for in order that a solid may exist, subsist, and 
be moved at the nod of its simple, it must be determined and 
formed by a fluid and according to the nature of a fluid. Thus 
€very solid must in its infancy have been fluid. The simple 
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Hbre is ever in its infancy and Hower of youth, because all other 
fibres and vessels, — and thus the universal body, — ferpetually 
exist, subsist, move, and live by, means of it. Therefore, 
if the simple fibre were solid it would be impotent of action, 
and this would be the veriest death of the whole system. That 
every solid in its primordial periods has been soft, yea, fluid, 
is a statement which I know not whether Ismyone can justly 
deny. For a solid consists of parts, and indeed of the minutest 
parts, which were not capable by their own means of coalesc- 
ing into a mass. Still less was this possible in the animal body 
where the tunics of the vessels and fibres correspond in the 
minutest respects to the fluids running through them. In the 
first formation in the egg or in the wcnnb all things are so 
delicately soft that there is not the least consistency; in time 
they grow together, and in old age they harden, whence comes 
rest, cold and death. 

296. Nor is it any objection that the nerve, which is ($ 
congeries of fibres compounded by degrees from the simple 
fibre, is more or less soft or hard, and is coherent. For, as 
the nerve is resolved into its principles, so its solidity decreases 
and the fluidity of its constituent parts increases. The some- 
what hard consistency of the nerve is also contributed to by 
the humors which run through the medullary fibres, and 
through the interstices of the fibres, and also through the inter-- 
slices of the fascicles, — humors which are impregnated with 
saline and sulphureous corpuscles as with so many forms thai 
are angular and are gifted with the force of inertia. Confer 
chapter X, [n. i9li seq.]. 

297. Anatomy itself cdso clearly demonstrates that the 
nearer fibres come to their origins or cortical substances flu 
more tender and soft they are, nay, that at the least touch, they 
melt away into a droplet; so that in themselves and their own 
nature, the fibres are quite soft, so far as sense and touch 
reaches. What then is not the case with simple fibres which 
are set above our sense and touch f It follows, therefore, 
that the simple fibre is not solid and hard, as many hav^ 
opined. Such as Aristotle, who asserts that the fibre is not 
only earthly but also solid, and from him the peripatetic sdiool 
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and also many of our contemporary philosophers ; and, more* 
over, some medical men, whose prince, however, Hippocrates^ 
says that there is nothing existent in the animal body which 
is not transpirable and conspirable. Leeuwenhoek makes fre- 
quent mention of a humor which was seen to result from dis- 
ruptured fibres flowing together into a droplet, in the follow- 
ing words: "Moreover, I saw that many small vessels had 
degenerated into an aqueous matter," (n. 22) ; and elsewhere, 
"Certain vessels had flowed together into an aqueous matter/* 
[n. 23]. This could not have happened unless they had been al- 
most fluid. It is a fact in the light of experience that the be- 
ginnings of nerves, in the brains, are quite soft, although the 
nerves arising therefrom are more firmly, because more com- 
pactly, consistent, — a fact which is also mentioned by almost 
all anatomists; see Willis, n. 8, and Bartholin, n. 14. Nay, 
according to the observation of Ruysch, a certain mucous is 
visible under the pia mater covering the cerebellum, from 
which flow down still softer stamens. What then is not the 
case in insects, which themselves are, as it were, a delicate 
humor? An essence such as that which flashes through the 
simple fibre and excites it, when flowing is then in the circle 
of its nature and is borne whither its soul determines it. But 
howsoever it acts in its fluxion, there are in it, nevertheless, de- 
grees of fluidity with the utmost distinctness, and these cor- 
respond with each other ; as is the case, in things visible, with 
the solid and the soft, and the soft and the fluid. For an es- 
sence of this kind can take on every ratio of variation that is 
possible in the universe ; hence arise harmonies. 

CHAPTER XXII. 

THAT FROM SIMPLE FIBRES ARISE MEDULLARY OR NERVE FIBRES, 

AND FROM THESE BLOOD VESSELS. 

298. There are simple fibres, compound fibres, which we 
call medullary or nerve fibres. From the description of the 
fibres in what follows, it will more clearly appear what simple 
fibres are, and what compound. Those are called compound 
which compose the nerve fascicle. This fascicle is not a fibre 
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ftulfaer oonqKNiiided, but it is an aggrq;mte of fibres. Those 
fiiyres iduch we hare called compocmd are the same as those 
seen by Leeawenhodc dirough the microsoope and shown de- 
lineated in his figures. For die sake of distinguishing diem 
from simple fibres, we call diem nervous or medullary, because 
diey are the principal constituents of die structure of die nenre 
and of the medulla of die brain. And there are blood vessds, 
or arteries and veins. From the simple fibre is formed th0 
compound or nerve fibre; from the nerve fibre, both imme* 
diately and mediately, the blood vessel. Thus the simple fibre 
is the first fibre, the medullary fibre is the second or middle 
fibre, and the blood vessel is the third or ultimate fibre. By 
reason of this, fibres may also be called vessels; thai is to say, 
the first fibre is the simplest vessel, the second fibre the middU 
vessel, and the artery and vein the vessel proper, or the blood 
vessel. Thus there are three degrees of fibres or vessels. This 
is die reason why anatcmiists indiscriminately call fibres vessds 
and vessels fibres ; for the word vessel denotes a minute canal 
through which circulates a fluid. Besides these, there are also 
fibres of a middle nature, or corporeal fibres, of which vk 
treat elsewhere. Respecting these see above, chapter ix [n. 
i88, seq.l, and in the fc^lowing Transaction on the Animal 
Spirit* 

299. ^As fibres or vessels descend by a threefold degree of 
composition, so also do the fluids or humors which run through 
those fibres or vessels. Through the simple or first fibre 
flashes that essence, truly animal, which we have said to be 
the very substance of the soul. See chapter xxi, [n. 294 seq.]. 
Through the medullary or middle fibre flows the second or mid' 
die animal essence which is called the animal spirit. Respectii^f 
which, see the following or fourth Transaction. Through the 
ultimate fibre, or the arterial and venous vessel, runs the red 
blood. These essences or fluids mutually succeed each other m 
the same order as do the fibres themselves. See these points 
treated in detail in Transactions I and II, consult Transaction 
IIi, n. 222, where the passages are referred to. Thus all of 
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^um may be called animal or vital essences, and also aU of 
4hem may be called bloods, yea, aU of them may be called the 
souls of their own world. That the blood is the corporeal soul, 
see Transaction I, n. 46. Therefore also Sacred Scripture af- 
firms that the soul of brutes resides in their blood. Scripture 
also makes mention of bloods ; as for instance, that the bloods 
of Abel cry for vengeance [Gen. iv. 10], and elsewhere fre- 
quently. For the one descends from the other, and the pos^ 
4erior is the vicegerent of the prior; thus the red blood is the 
soul's vicegerent in the body or in the ultimate sphere of its 
world. But now to the several fibres in order. 

800. The simple fibre, even from its first origin in the corti' 
cat gland which it has woven, sinuously flashes like a ray, toward 
Jhe ultimate points of the body; and by a wonderful rtrrtfifi- 
t^lution or form, which I have called the vortical, it raises up 
a little canal which is the medullary or middle fibre. Thus this 
latter is a mere membrane formed by the circumgyrations of 
.the simple fibre. This medullary fibre derives its form of 
Auxion, which is simply spiral, from the vortical fluxion of its 
simple fibre, — according to the law of order in the derivation 
4>f forms. See the general rule of derivation in n. 274; and 
for the manner in which one form flows in order from another, 
:and the spiral frcmi the vortical; and also that the form of 
fluxion of the nerve fibre is spiral, see chapter xvi [n. 255 
seq.y especially n. 258] . 

801. The medullary or nerve fibre, by a similar mode of 
circumgyration, raises up and conglomerates delicate canals 
wfiich are least blood vessels, or arterial and venous capH' 
Jaries; thus these vessels also are mere membranes formed by 
4he winding of the medullary fibre. The reader may see the 
demonstration of these points in Transaction I, n. 146-154. 
But in that place I made no mention of the simple fibre, but 
only of exsanguinous vessels, that is, vessels which carry the 
middle or white blood, or that blood which is called the animal 
^irit Therefore, the passage cited should here be further 
illustrated ; but this cannot well be done except in the following 
Transaction where I have appointed to treat of the Animal 
Spirit, and also of the Corporeal Fibre. Meanwhile the reader 
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will see it there illustrated that the blood vessd must take its 
origin from nerve fibres. These vessels derive their form 
which is simply circular, from the spiral fluxion of the med^ 
ullary fibre, — according to the law of order in the derivation 
of forms; n. 274, and chapter xvi, [n. 255 seq.], 

802. From these fibres, that is, from the simple and com^ 
pound fibre and the blood vessel, is produced everything 
which exists in the universal body. For there is nothing ex- 
istent in any gland, muscle, sensory organ, and viscus except 
this threefold fibre most distinctly formed and woven with alt 
variety. So also in the tunics of the larger arteries and veins, 
wherein is found nothing but a complexity of fibre and vessel. 

803. The tunics of the larger arteries are five in number. 
The first or outmost of these is nervous on the outer surface 
and vascular on the inner. According to Boerhaave, see Trans- 
action I, n. 126. Moreover there are innumerable nerves which 
flow into the trunks of the arteries and veins; such, for in- 
stance, as the intercostal, flowing into the branches of the 
2izygo3, — and into the azygos itself and the vena cava, — into 
the aorta, and also into the internal carotid and everjrwhere 
else; upon which arteries they creep like ivy and then betake 
themselves towards the inner parts. So also over the pul- 
monary vessels, around which the fibres flow in the manner of 
a spiral. This is so obvious that there is not room even for 
doubt. So also they flow into the surface of the heart and its 
muscle; see Transaction I, chapter vii, On the Motion of the 
Adult Heart, [n. 460 seq,] ; and this so evidently that, from 
the very determination of the nerve fibres, one may be allowed 
to judge as to the nature of the motion, or of the determinatioii 
of the motion, of the heart and also of its arteries. In the 
macerated muscle of the heart Lancisi found nothing but fibres 
and blood vessels [Trans, I, n. 463]. The cause of muscular 
motion can be evidently deduced from the influx of the fibres 
into the blood vessels, and I know not whether it can be de- 
duced from any other source. The second is cellular and is 
also called glandular, according to Heister and Boerhaave, 
Transaction I, n. 120, 126, and elsewhere. The third is tendin- 
ous; the fourth muscular, contextured of a great number of on- 
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nular fibres; the fifth or inmost is a membranous tunic, by some 
called also a nervous. G)nfer Heister, transaction I, n. 120, 
and Boerhaave, n. 126. These five membranes are formed solely 
of fibres and vessels diversely woven together. From the first 
membrane, which is nervous and at the same time vascular, is 
produced the second or glandular; from this again the tendi- 
nous, made up of so many emissaries or ducts of the glands; 
and, finally, from this, the muscular. Thus are blood vessels 
raised up by the medullary fibres, both immediately and 
fnediaiely; ana thus in the animal microcosm as in the macro- 
cosm, do forms mutually succeed each other. Respecting the 
tonics of the arteries and their derivation confer the whole 
of chapter II of the first Transaction [n. 116 seq."]. 

CHAPTER XXIII. 

THE FORMS OF THE ANIMAL KINGDOM AND THEIR SUCCESSION 
OR DERIVATION BY THE MEDIATION OF FIBRES AND VESSELS. 

804. Forms in the animal kingdom are as many as are 
forms in the universal world, which latter have already been 
treated of; nor do they differ in the nature of their fluxion. 
Hence they also are celestial, vortical, spiral, circular, and 
finally rectilinear or angular. But because they have in addi- 
tion this property, namely, that they are living, these forms are 
called vital, and the first of them spiritual, but the rest or- 
ganic. But that one form may be derived from the other and 
he procreated by it, there must be fibres, first simple, then com- 
pound or medullary, and finally blood vessels, which are so 
many essential determinations. 

806. The first form, which is also the first form of nature 
and the first form of the life of this kingdom, is a celestial and 
spiritual form, properly the soul which is simple substance 
having this form within it. This also is the eminently organic 
form, and merits to be called the eminent organ of its body. 
Transaction II, n. 275. For it is the form of all the other 
forms of its microcosm; for the others, outside itself and like 
itself, as being derived from itself or to be derived, it con- 
templates as present in itself. The spiritual form is the soul ; 
but the primitive cortices are of a celestial form. 
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806. The second form is the cortical and cineriHous «*• 
^ance in the cerebrum, cerebellum, medulla oblongata amd 
medulla spinalis, which is essentially determined by the iirti 
^orm or by its substances, by means of simple fibres. Henc^ 
it comes about that this form is vortical; and because the sim^ 
jple fibre is living, chapter xix, xx [n. 285 seq.] this farm is 
intellectual. For within it is the faculty of perceiving, under* 
■standing, judging, and willing, — a property which ii draws 
from its soul which is a spiritual form and is intelligence. This 
is the first organic form, or the first of the organic forms thai 
follow. See the whole of chapters II and III [On the Cortical 
-Substance of the Brain, and On the Human Soul], in Traii»* 
action II [n. 69 seq.]. 

307. The third form is the whole cerebrum taken in a broad 
sense, which is determined by the second form, or by its corti- 
cal substances, by means of medullary fibres. Hence it comes 
about that this form is spiral. For the whole cerebrum is dr- 
cumvoluted and drawn into spirals ; so also the medulla spinalis; 
and especially the fibres issuing from these two. And be- 
cause the medullary fibre is living. For the entire second 
or medullary fibre exists from the first or simple fibre (chapter 
ocxii), and thus lives a life not so distinct as the simple fibre bat 
more obscure. It is inferior to the intellectual form, and is 
properly to be called the sensitive form. For within it is the 
faculty of perceiving the things which come in from the es* 
4emal organs of the senses, and also of imagining and desir- 
ing. For understanding and sensing, thinking and imag^ining; 
willing and desiring, mutually correspond to each other, as 
the power of a superior form to the power of an inferior 
form, — ^as will be seen in the treatise on Correspondences.* 
Which property it draws from its intellectual form. This is 



♦Sec the Htde work "Introduc- in the text It was fonowed 1v 
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seq.). As its title implies, tills the audior's death. 
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the second organic form, — ^if the spiritual form or soul is taken 
as being above all. 

S08. The fourth form is the heart, taken in a broad sense 
or together with the arteries and veins, which is determined by 
the third form or by the brain by means of blood vessels. 
Hence it comes about that this form is circular. Blood vesids* 
cannot properly be said to arise from the heart, though after 
they have arisen they flow into the heart ; but they are raised 
tip by nerve fibres, in accordance with the points which were 
brought forward in the preceding chapter. This was also ob- 
served by Malpighi in the incubated chick, namely, that the 
blood vessels do not at once reach their little heart, but first 
stand around and approach it gradually. It is evident also 
from the circumstance that the little heart, drcumvoluted with 
fibres, comes into existence after the brain. Therefore the 
brain rouses to action the blood vessels and the heart itself, 
and in the muscles determines them absolutely. Confer Trans- 
action I, chapter iii, [On the Formation of the Chick in the 
Egg, etc., n. 241 seq]. And because the blood vessel is living, 
though it lives a more obscure life. The reason is, because it 
consists of mere simple fibres. Wherefore also the schoolmen 
set the seat of the soul in the heart, and believed, at the same 
time, that the sensory fibres were produced therefrom. This 
form is properly to be called the animal form; for within the 
heart and its arteries is the faculty of acting, and, obscurely, of 
sensating. Transaction I, n. 231, 232, 233. A property which 
it draws from the brain. For whatever is animated is living, 
and therefore also the blood vessels, — ^but in their own degree. 

809. The fifth form is the whole body, taken in a broad 
sense, which is determined by the fourth form, or by the heart, 
by means of motor fibres. Hence it comes about that this form 
is rectilinear and angular, such as it is in muscles, tendons, 
cartilages, and bones. And because the motor fibre lives in 
acting and acts in living, this form is properly to be called the 
corporeal form. For within the body and its members, viscera, 
and motor organs is action, — a property which it draws from 
its heart. This is the ultimate form, or the complement of 
forms, which corresponds to the first form in the soul. 
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310. Thus in the animal kingdom there are existent fomu 
prior and posterior, and one succeeds the other and is 
derived from it; that is to say, from the spiritual form 
the intellectual, from the intellectual the sensitive, from 
the sensitive the animal, and from the animal the cor^ 
poreai. Each prior form holds and embraces in iiseip 
all posterior forms in potency; and each posterior form 
the prior in actuality. Such is the succession and derivation of 
forms in the animcU kingdom; which possess this property 
above purely natural forms, that while acting naturally they 
also at the same time live spiritually, and so receive their name 
from their better quality. 

311. Simple fibres are the essential determinations of the 
soul; compound or medullary -fibres are the essential determina- 
tions of the corticcU substance; nerves and fascicles of nerves, 
the essential determinations of the brain; blood vessels, of the 
heart; and motor fibres, of the body; for of these are made up 
the members and viscera. 

312. Simple fibres are those by means whereof the sotU 
modifies itself for the formation of its organic machine. 
Second or medullary fibres are those by means whereof the 
rational, mind modifies itself in order thai it may act out what 
it judges, concludes and wills. Nerves and fascicles of nerves 
are those by means whereof the cerebrum modifies itself in or- 
der that the desires of its animus may be determined. Blood 
vessels are those by means whereof the heart determines itself 
in order thai the things which superior forms regard, twB, 
and desire may follow on to the effect. Motor fibres are those 
whereby are moved entire members and viscera which are the 
ultimate effects, whence come acts. 

313. Simple fibres are determined and modified by the vorA- 
cal form of fluxion; compound fibres by the spiral form of 
fluxion; blood vessels by the circular; and motor fibres by the 
linear. But as regards nerves and fascicles of nerves, diese 
are not determinants but aggregates of determinants. 
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CHAPTER XXIV. 

THAT THE UNIVERSAL FORM OF THE BODY, BOTH INTERNAL AND 
EXTERNAL, CONSISTS OF SIMPLE FIBRE ALONE. 

814. // by the simple fibre is raised up the compound or 
nerve fibre, and by the nerve fibre the blood vessel; and if in 
the body there is nothing except fibres and blood vessels, which 
compose the whole of organic forms; it follows that it is nothing 
else than the simple fibre which constructs the form of the body 
both internal and external. Thus there is nothing truly sub^ 
stantial in the whole body save the simple fibre, and nothing 
in the simple fibre save the substance of the soul. Tendinous, 
cartilaginous, and bony structures also consisted, in their first 
infancy, of nothing but vessels and fibres, as is confirmed by 
the anatomy of the chick in the egg and of the embryo in the 
womb. Lancisi, in his treatise On the Heart, proves that the 
tendinous matter of the heart consists of muscular fibres closely 
united together. [Transaction I, n. 464.] That a muscular 
structure hardens into a tendinous substance, this into a car- 
tilaginous, and this again into a bony, is evident enough ; also 
that the cranium itself was once a membrane yielding and 
soft; and so also the other bones, which are soft before 
they are hard, and fluid before they are soft. The umbilical 
vessels and the ductus arteriosus of the heart are changed in 
time into tendons ; so also many other vessels, which are de- 
prived of their blood and stopped up with a humor of alien 
Idnd. 

316. The fluids that run through the fibres and vessels, and 
through the ducts constructed by these, are so many rivulets 
which make their passage and accomplish their circles within 
their little canals; but it is the canals themselves, constructed 
of the simple fibre, that shape the form, to which latter th^ 
•fluids thus contribute no more than to sustain it. It appears as 
though some vessels or filaments were compaginated also of 
terrestrial matter; but this is caused solely by humors im- 
pregnated with terrestrial particles, which stop up those canals, 
and make it to appear as though the canals themselves were 
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fabricated of terrestrial matter; as is the case in the bones, 
whidi when bomed give off a nrinoas odor, and when boiled 
pass off into jelly. Nay, tiiis is the case even witti die veaseb 
and dncts of the tonics ; hence it comes about that we think the 
tonic itself tp be of this natore. 

S16. If the simpU nbre be by naiitre celestial amd spirihml^ 
(mdifUbe the essential determination of thesonl itself, U fol- 
lows thai the form of the body both intemal and external, ir 
from a celestial and spiritual origin ; and is the sonl in nltimaUs^ 



CHAPTER XXV. 

WHAT THE SOUL PEOFERLY IS, AND WHAT THE BODY. 

317. The soul is the purest animal essence, celestial amd 
spiritual, which raises up and modifies the simple fibre, and at 
the same time enters into the blood both white and red. Alt 
its individuals are most perfect, first, supreme, most simple 
forms immediately subject to the divine spiritual form, amd' 
created for the reception and influx of its operations. These- 
forms, which therefore are lives and intelligences, are the 
soul. And because this constructs the whole animal form suck 
as we behold it with our eyes, therefore the whole of it is im 
every part, and it is the one only substantial which reigns and 
lives in this whole system. 

318. But what is the body? There are strictly earthly 
parts, such as saline, sulphureous, oily, aqueous, and others, 
drawn from the mineral and vegetable kingdoms, and also^ 
from the bosom of the atmospheres, which are within the red 
and white blood and the other humors arising from the blood, 
and which surround the blood. These are angular forms, inert, 
cold, dead, heavy, material and corporeal, and they are those- 
veriest forms which constitute that which is called the body; 
nor do they contribute anything whatever to its form except 
that the soul can thus and in no other way, descend from iir 
heaven and dwell upon the earth. 
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CHAPTER XXVI. 

THE CIRCULATION OF THE RED BLOOD^ THE PURER BLOOD, AND 

THE PUREST THROUGH VESSELS AND FIBRES ; THAT IS, 

THE CIRCLE OF LIFE WHEREBY IS CARRIED ON 

THE COMMERCE OF SOUL AND BODY. 

818. At every turn of the circulation the red blood or the 
globules thereof, is resolved into the purer blood; and this 
again, or the globules thereof, into the purest; and passing 
through the fibres, it is again compounded; and so on. The 
resolution of the red blood has beoi treated of above, n. 199, 
200. [For the rest, see] Transaction II. n. 1 17-31, 165, 222, 
Transaction I, n. 92-96, 100, 148, 149, 150, 158-160, 371, 649. 
Meanwhile I wish here to add something more, since it is of im- 
portance that we be convinced of these matters; for in order 
that the one circulation may be continued into the other, it is 
necessary* that the blood be twice and a third time re- 
solved. It is a known fact that the softer and better blood 
is withdrawn towards the brains, and that the viler is rejected, 
and this towards the liver, whence comes the bilious matter. 
That the blood is better when it is softer more flexible and 
more divisible, is confirmed by Leeuwenhoek, — ^who is con- 
vinced of the fact from many experiments, — in the following 
words: *T saw that blood globules could be elongated, and 
could come out the more flexible in proportion as the blood was 
more healthy ; that is to say, that they could be reduced into a 
bngish figure, or one that was three times longer than their 
thickness." He observed that when he was ill the globules ap- 
peared harder and firmer, but that when he enjoyed better 
health, as they became softer and more fluid, so they were 
better consociated with each other ; from which he infers that 
death follows from ther hardness, Transaction I, n. 29. He 
states moreover, that he has frequently observed their resolu- 
tion, see above, n. 200 ; and that when they were subjected to 



*The Latin is "ne necessmn est ginning of the word "ne-cesstim,'* 

tit sangais," etc. The '*ne'* here is the author inadvertently commcnc- 

meaningless. It is probably the be- ing the word over again. 
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a distillatory fire, they were actually resolved into spirits and 
oils. Reason also g^ves her support ; for it is beyond all doubt, 
that the blood is not only bom, but is also unborn and reborn, 
that it may be fit for distinctly entering into and passing 
through the medullary fibres in the brain, and ior producing 
in the corporeal system all that is condudve to its continuation 
and sustenance. The arteries and vessels themselves are split 
up into lesser vessels, and, finally, by the medium of the cor- 
tex, into fibres ; otherwise they would be entirely destitute of 
perfluent juice, either being obstructed, or else being wounded 
with perpetual aneurisms.* If the blood were not c^>ened up 
it could not be the storehouse and seminary of all things in its 
body, since, in order that it may put anything forth from itself, 
it is necessary that it open its bosoms and enclose that thing. 
Its being able to g^ve does not come from the serum, for the 
serum exists for the sake of the blood. To the end that the 
blood may be thus often compounded and recompounded there 
is need of daily aliments, of an afflux of chyle, yea, also of a 
purer food drawn from the circumfluent air and ether. But 
why should I recount the several points? The things which 
confirm are innumerable, nay, they include also the phenomena 
of the several diseases. 

320. Thus there is a distinct circulation of the red blood f 
a distinct circulation of the purer blood, that is, of our animal 
spirits; and a distinct circulation of the purest blood, that is, of 
the essence of our soul; just cw there are distinct vessels, 
namely, arteries and veins; distinct medullary fibres or nerves; 
and distinct simple fibres. Thus there are three circulations, as 
there are three bloods or animal fluids; and there are three 
fibres or vessels. 

321. The first circulation, like that fibre which is simple 
and that blood which is purest, is the most simple, the supreme. 



^Blancard's Medical Dictionaxy tion of the other coats; bat the 

(edition of 1777) speaks of two false consists in a rupture of all 

kinds of aneurism, the true and the coats, and the conseqaent 

the false. The true consists in a escape of the blood. The latter 

tumor resulting from the rupture appears to be the aneurism re- 

of the inner or outer coat of an ferred to in the text 
artery and the consequent dila^- 
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mmost, most remote and most perfect of all; the one only 
circulation which reigns in the rest cmd over the rest; of which 
can be fitly predicated whatever has been predicated of the 
simple fibre and of its substances and forms; for it is these 
same substances and forms that carry on this circle. 

388. The second circulation, like that fibre which is med' 
ullary and that blood which is purer, follows just after the first 
circulation, and comes just before the third circulation. Thus 
ii is mediate, and is more simple than the following circulation, 
superior to it, more internal, more remote and more perfect; 
but less simple than the preceding circulation, inferior to it, 
posterior, more external and more imperfect; of which can be 
fitly predicated all that has been predicated of the medullary or 
nerve fibre, and all that has been predicated of the purer blood 
or animal spirit; for it is this same animal spirit that carries on 
this circle. 

388. The third circulation, like the ultimate fibre or the 
blood vessel, and like the red blood itself, follows j'ust after 
the second circulation. Thus it is the last of the three circukh 
tions, the outmost, postreme, and compound; and it is more 
imperfect than the two prior circulations, and is the corporeal 
circulation itself; in which and over which reign the two 
others; and of which can be fitly predicated all that has been 
predicated of the artery and vein and of the red blood; for 
ii is this same blood that carries on this circle. Respecting these 
circulaticHis confer Transaction I, n. 148, 325-344, 359-370. 

884. The other humors, which are compounded of the 
blood and its purer essences and saline elements, and of 
the serjum, also perform their circulations; for there is no 
animal humor existent which does not circulate after its own 
manner. See Transaction I, n. 148. But these circulations are 
special and particular, and they depend on that of the blood, 
while the three circulations mentioned above, are the deter- 
minafits of aU things in their kingdom. Wherefore the first 
is a superior universal circulation, the second an inferior f#iif- 
versal circulation, and the third, or that of the blood, a gen- 
eral circulation. What the superior and inferior universal 
is, and what the general, see Transaction 11^ n. 205. 
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825. As the simple fibre enters into and excites the med* 
uttary or nerve fibre, chapter xxii, so the first circulation the 
second. Or, as the first animal essence, which is its sonl, enters 
into and determines the second or middle essence, which is the 
animal spirit. Transaction I, n. 37, 40, 41, 9I1 97, no, 503, 556^ 
6349 6569 s^<l ui the Transaction on the Animal Spirit, so the 
first circfUation the second. 

S26. As the compound or medullary fibre enters into and 
composes the blood vessel, chapter xxii, so the second circular 
tion the third. Or, as the animal spirit enters into and de^ 
termines the red blood, so the second circulation the third. 
Thus whatever has been said of fibres and vessels and of their 
fluids, may fitly be said of their circulations. For the circular 
tion indicates what is the form of the fluxion in fluids and in 
their fibres or vessels, and what the nature of the form; and 
a/so the reverse. 

827. Each circulation is carried on separately; all are also 
carried on conjointly, that is to say, the first in the second, and 
the first and second together in the third or blood circulation. 
This influx of the one into the other is what we call the circle 
of life. Respecting this circle see our first reflections in Trans- 
action n, n. 168-171. And if this circle be rightly explored, 
then wUl be understood the nature of the mutual and reciprocal 
commerce of soul and body. For the first circulation is that of 
the soul. The word circulation does indeed involve local mo- 
tion, and yet the soul is void of extense and motion, n. 289 ; bat 
because the determination of the soul is along the simple fibres, 
and determination without fluxion cannot be conceived of, 
therefore, for the sake of a better understanding, in place of 
determination, I have used the word circulation, although 
this word is not altogether adequate excq)t by way of corre- 
spondence and by Bnsiogy; confer n. 290. The third circular 
tion is that of the blood, or is the corporeal circulation, n. 32s; 
and the middle is that of the animal spirits, by means whereof 
the soul inflows into the body, and harmony is established be- 
tween them. 
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[from experience.] 



328. The arachnoid tunic, a name borrowed from Arachne,* 
whose web or fineness it imitates, adds itself to the upper sur- 
face of the pia mater, and like a second layer of the latter, is 
transmitted with it into the several external tracts and hiatuses, 
depressed, elevated or evenly plane, but does not enter the 
furrows and ridges. On this account, when it is removed, 
the nature of the cerebrum and particularly of the cerebellum, 
as being discriminated into circles, becomes evident. It invests 
the subjacent mater more closely in the upper part of the cere- 
brum and more loosely below, and above the cerebellum; more 
strictfy in the eminences of the medulla oblongata, more laxly 
in the depressions ; more tenaciously in the anterior portion of 
the medulla spinalis, and more freely in its posterior portion 
where it is suspended by the decurrent denticulate ligament. 
It also restrains the nerves in their beginnings. 

829. Ridley (Anatomia Cerebri) , It was the opinion of the 
old anatomists that the pia mater was the only other int^^ument 
of the cerebnun, and that it was a single integument. This was 
admitted as being the plain truth equally by two somewhat 
recent anatomists, the learned investigators Willis and Vieus- 
sens, and by all the newer writers, if we except Bidloo and 
Bohn, each of whom claims to have found, — ^the one three hours 
after death, and the other fifteen days after, — ^another distinct 
cerebral integument stretched between the external covering 
or dura mater, and this inner covering or pia mater. Both 
these anatomists took this integument to be the origin of the 



♦Arachne was a mortal maiden Athene, her teacher, she hung hcr- 

celebrated for her skill in the most self and was afterwards changed 

delicate weaving. Being deeply by Athene into a spider,— Greek 

hnrt as a result of a contest with arachne. 
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second int^fument proper to the medulla q>malis. Vieussens, 
however, supposes it to be a duplicature of the pia mater con- 
fined to this r^on. But the existence of an intermediate mem- 
brane in some parts of the brain, especially at the base of the 
cerebellum whence it is continued downwards into the medulla 
spinalis, and which constitutes the second integument proper 
to that medulla, has now been lately observed by myself, — 
though whether it is a separate membrane absolutely distin(^ 
from the subjacent membrane which famous authors style the 
pia mater pr<^>er, and which is common to the medulla spinalis 
and the brain, as also is this second intermediate mem- 
brane; or whether it is one and the same membrane doubled 
so as to consist of two layers, is a matter respecting which one 
may certainly entertain doubt. That I might, therefore, satisfy 
myself in respect to this difficulty, I instituted an examination 
with the utmost possible accuracy. This examination was made 
on a highly dropsical human brain, wherein consequently was 
no cavity nor any interstice that was not reached by the ex- 
travasated water. Thus wherever in the natural construction 
of the parts, there was a duplicature of this membrane more 
loose dian ordinary, — such as are found at the extremity of Ae 
calamus scriptorius between the superincumbent cerebellum 
and the medulla spinalis ; in the isthmus or space set between 
the cerebrum and cerebellum; over the processes called nates 
and testes; in the deeper part of the cerebrum between the 
beginning of the annular process and the first appearance or 
projection of the olfactory nerve, (as observed by Vesalius, 
who called it the process of the pia mater), there was found 
a large quantity of water which distended such duplicature far 
beyond its natural limits (Ed. Lugd. Bat., 1725, p. 12). In 
my subject I found this membrane entire, and free from any 
division throughout its whole circumference, with the excep- 
tion of the r^ons mentioned above. But, supposing that 
there was a similar formation in this membrane as is found in 
the membranes of other parts, I endeavored to divide it This 
was done with happy success in a number of its parts; but 
much more easily in the banning of the superficial folds of 
the cortical part of the cerebrum, where minute interstices 
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exist naturally, between whidi creep many blood vessels to 
immerse themselves into its cortical and medullary parts (p. 
15). Moreover this duplicature most manifestly communi- 
cates with all the nerves both within and without the cranium, 
amstituting by its outer layer their second integument under 
the first, which latter is taken from the dura mater all the 
way to the whole fascicle of nerves; and by its inner layer 
their third int^^ument which supplies an envelope or covering 
to the several simple fibrils which, taken collectively, ccxnpose 
the whole body proper of the nerve. It is by means of the 
stupendous delicacy of this membrane investing these medul- 
lary fibrils, which of themselves are all insensible, that there 
is brought about so prompt a consensus between part and part, 
and between all the parts and the cerebrum itself (p. 20). 

880. Vfuisuy^f {Exposition Anatomique) . The two layers 
of the pia mater are not so firmly coherent as those of the 
grosser mater. The arachnoid or upper layer is not continu- 
ous with the Idwer except by means of a cellular tissue which 
accompanies their whole common extension excepting in cer- 
tain places at the base of the brain, etc., where the inner layer 
continues its insertions* while the outer is spread evenly over 
the more raised parts, and in the intervals between the said 
parts is entirely separated from the inner layer without any 
intervening cellular tissue. By reason of this ability to sep- 
arate in a number of places, the upper layer has been con- 
sidered as an outer or third envelope distinct from the pia 
mater, and called the arachnoid. This web or cellular tissue 
accompanies not only the common extension of the two layers 
but also the particular extension of the inner layer in all its 
duplicatures and septa, as can be best exhibited to the sight 
by inflation (Traite de la Teste, n. 51, 52). If merely a 
little opening be made in the outer layer above the lobes of 
the cerebellum,t and by this opening the cellular tissues be in- 
flated, it will be seen that by means of the inflation the two 
membranes are gradually separated ; and at the same time will 
come to view the beautiful ordination of the membranous 
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septa or duplicatures of the inner layer and the multitudinoas 
distribution of blood vessels winding therein. Especially wiQ 
this be seen after a successful anatomical injection, or when 
the membranes are in a state of inflammation {Ibid. n. loi). 

331. The arachnoid membrane is seen to be most distinctly 
separated from the pia meninx in the interval between all the 
eminences of the inferior surface of the medulla oblongata, 
except that between the two layers is noted celfular tissue. 
The internal layer, or pia mater, adheres more frequently to 
the surface of the intervals than to that of the eminences ; bat 
the external is as though lifted up by the eminences and 
stretched out evenly between the parts receding therefrom to 
which it is firmly united {Ibid. n. ii6). In the medulla 
spinalis this membrane is more distinctly separated from its 
internal meninx, so that by inflation it can be elevated from 
one end to the other, when it presents the appearance of an 
intestine; but the inner layer is firmly agglutinated to the 
medulla and sends into it many septa and productions. If air 
be forced through a hole made in this pia meninx, it raises the 
surface on the opposite side, and separates it on the inside from 
the subjacent medulla {Ibid. n. i88). The arachnoid mem- 
brane also accompanies the separate fascicles of the nerves all 
the way from their origin to their passage [from the cranium], 
and forms a species of interrupted duplicature between the lit- 
tle cords which creep through the dura mater {Ibid. n. 158). It 
adheres to the pia mater* more firmly below than above, and, 
in a manner, is suspended by the denticulate ligament which 
rules all along the two sides of the medulla {Ibid. n. 129). 

832. Heister {Compendium Anatomicum). In the upper 
part of the cerebrum the arachnoid tunic is so closely adherent 
to the pia mater that it cannot be separated therefrom without 
laceration; but in the lower part, especially around the cere- 
bellum, the medulla oblongata, and the whole of the spinalis, it 
is so loosely connected that it can be easily seen. Like the dura 
mater, the arachnoid is extended through the whole of the 
brain and medulla spinalis, as can be seen if it is suspended in 
water or spirit of wme. It has no blood vessels. In a|^>ear- 
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ance it is like a spider's web (n. 268). In the medulla spinaHs 
anteriorly it is ctosdy conjoined to the pia mater, while pos- 
teriorly it floats, as it were, freely (n. 273;. 

338. A delineation of this membrane may be frequently 
seen in anatomical works. Bidloo shows it separated from the 
pia meninx and laid back. He says that it is whitish, and he 
exhibits it as furnished with minute btood vessels ; as coarser 
than the fine meninx [pia mater], and finer than the coarse 
[dura mater] ; as found in all the gyrations of the brain. See 
particularly Ruysch's delineation, where the membrane is 
shown separated by inflation from the subjacent meninx. In 
this delineation also are seen the sulci or anfractuosities cov- 
ered by both layers, with the result that their depth is obliter- 
ated ; and also the most minute portions of the same membrane 
elevated by the inflation simultaneously with the other and 
lower membrane. Vessels of the utmost minuteness, (says 
Ruysch, in the description of his table), are brought to view 
by the inflation, and they derive their origin, not only from the 
aforesaid inflation, but also from a watery moisture which 
lodges between the membrane in question and the pia mater. 
[Epistolce ix]. 

884, Ruysch (Epistolae). I confess myself beset with 
many difficulties in the matter of delineating the arachnoid 
membrane; for it is so subtle, and in so many places closely 
attached by fibrous connections to the subjacent pia mater and 
its blood vessels, that by no possible skill can the whole of it be 
separated uninjured, especially in the place where it invests 
both hemispheres of the cerebrum on the upper surface under 
the dura mater. In various places it is indeed elevated by air 
forced in through a little tube, but it at once subsides and dis- 
appears. Anyone, therefore, can conclude without much 
trouble as to the difficulty, nay the impossibility of delineating 
it in an uninjured condition. In the region of the cerebellum, 
however, and especially in the posterior part, and also in the 
region of the medulla spinaHs, it is very easily separated from 
fhe other envelope by inflation. This arachnoid membrane 
has the peculiarity, — ^never before observed by me either in 
the coarse mater or in the pia mater, — that not only is it so 
subtle a membrane that there is none more subtle in the body. 
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(for which reason also its first finders, Blasius, Sladus, Suida, 
Swammerdaniy etc., adorned this membrane with the name 
Arachnoid), but, moreover, diat when by inflation it is dis- 
joined from the subjacent mater in inntmierable places, it takes 
on the appearance of a cellular membrane, especially in the 
membranes of the cerd>rum which are beset by copious humor; 
and yet it is not at alt cellular. Moreover it is not likely that 
fat, which I have sometimes found under the dura mater, has 
lodgment in this arachnoid tunic; since in the upper part of 
the cerebrum it is possessed by extremely few arterioles, if 
indeed by any. But fat, I think, adheres only in the pia 
mater. As to the presence of arterioles, they have never come 
to my sight I confess indeed that sometimes certain vessels 
have been seen dispersed through it in the region where it 
invests the medulla spinalis, from which circumstance one 
may conjecture that it also enjoys its own blood vessels in 
the r^on where it involves the upper part of the cerebrum. 
But to construct vessels by conjecture is, I esteem, a very 
different matter from showing them, and, indeed, having them 
depicted as Bidloo has done. The blood vessels scattered through 
the pia meninx do indeed perforate this arachnoid tunic in in- 
numerable places, but I have never been able to observe any 
ramifications communicated to it in the region of the anterior 
hemispheres of the cerebrum. Indeed I have frequently been 
deceived by these blood vessels scattered through the pia mater 
which have the appearance of running also through the aradi- 
noid ; but on deeper inspection I have detected my error. Do 
not believe either that tiiis tunic is so gjoss as Bidloo's taUe, 
already referred to, indicates ; for, as I have said, I do not find 
a more subtle tunic in the whole body {Epis. ix). 

[884a, NucK (AdenograpMa Curiosa). But you ask. Do 
lymphatic vessels occur in the cerArum? Although some of 
our more recent authors, who have been very liberal in describ- 
ing them, concede and readily admit their existence, yet, as I 
frequently observe, they form systems in their own brain, and 
make up viscera at their own pleasure. For when called upon 
for experiments they are able to show nothing out of the 
common. To speak frankly I have never as ydt been able to 
touch the mark in this part Meanwhile I think it cannot be 
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denied that lymi^tics have sometimes been seen in one or 
other part of the cerebrum, and not long ago a close friend 
of mine, an anatomist, informed me, '1 have seen a l3rmphatic 
vessel in a cow's brain which should be well worth your ex- 
amining to learn its origin and insertion. Not far from the 
pineal gland, from which perhaps it gets branches, it lies on 
the choroid plexus extending to the side of the inf undibulum." 
Two years ago I saw a l3rmphatic going from the pineal gland 
just as from other glands. Thus it is indeed quite certain that 
the brain also has its aqueous streamlets, but they have not yet 
been brought distinctly to light (Ed. Lugd. Bat., 1696, p. 

149)]- 
336. I have put this little Transaction on the Arachnoid 

Tunic immediately after the preceding Transaction on the 

Fibre, for the reason that it is the arachnoid tunic which 

derives the moisture expressed from the meningeal vessels to 

the spaces between the fibres and between the layers of fascicles. 

For it has been shown that throughout its whole extension the 

nerve is like a filter or a perforated cane, in order that it may 

transmit distinct juices by distinct paths. This juice separates 

the junctures of the fibres and the layers of the fascicles and 

anoints them and lubricates the paths. Nor do I think that 

anyone can call into doubt the permeability of such fluid 

through the many-apertured structure of the nerve, if he 

pves even slight attention to the numerous phenomena of fluid 

nature, all which indicate that a hiunor whether aqueous or 

oily is carried through invisible passages easily and almost 

spontaneously from the lowest region to the higher, and 

in every direction obliquely ; as is the case in stalks, branches, 

leaves and grasses, where it is carried from the roots 

to the very top; so likewise between marbles and other 

smooth and closely united bodies, provided only there 

be something bibulous placed between them, such as blotting 

paper, a moist bladder, (vesica madens), some sheath-like 

membrane ; so also through the threads of cotton cloth ; through 

ashes, salts, sugars ; and even through rocks, plates of selenite 

and spar, metalliferous veins ; nay, even through gold, and all 

other materials, as shown by experience. A glass goblet half 

ftiD of a salt solution or salt water and exposed to the 
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sun or to dry air, in the course of a few days is en- 
crusted, both within and without to the very bottom, with 
a dense salt and crystal, through whose ordinately arranged 
pores the water on the salt-encrusted side creeps up, and, an 
the outside, down, and circulates, — as I have often seen 
by experiment. Little vegetable seeds thrown on the moist- 
ened sides of an earthen or clay vessel take root as in their 
own soil, and the outside of the vessel g^ws green and leafy 
if only water be kept in the vessel which shall contantly filter 
through. Since such phenomena obtain in the mineral and 
vegetable kingdoms, what not then in the animal kingdom 
where exist so many animating principles 1 so many tortile 
motory spirals, or tiniest presses! a fluid highly elastic, ex- 
pansile, contractile, of the most perfect form, and moreover, 
threads formed after the whote nature of such fluid ! Such an 
organic and nK>tor machine, while it lives and flourishes, acts 
and is acted upon, cannot but transmit with discrimination the 
several kinds of essences, and after transmitting, distinctly re- 
unite them. But now to the tunic itself. 

CHAPTER I. 

THAT THE ARACHNOID TUNIC IS CONTINUED THROUGH THE 

WHOLE OF THE CEREBRUM, CEREBELLUM, MEDULLA 

OBLONGATA, AND MEDULLA SPINALIS. 

836. The arachnoid tunic is the upper layer of the pia 
meninx, and is so distinct therefrom that by injection and in- 
flation they can be separated. The case is not fike that of 
the upper layer of the dura mater which is united to the lower 
by intervening fibrous vessels. It is diflFerent with the aiadi- 
noid ; for although in certain places it is conjoined to the lower 
layer by ligaments and septa, yet it frequently stands ofif for 
entire spaces. Therefore, it can be elevated by inflation, as in 
the cerebrum, according to Ruysch's experiment, n. 333, 334; 
and in the cerebellum and medulla spinalis, according to Win- 
slow, n. 330 and 331, — which authors the reader may consult 
for himself. It is spread over the pia meninx everywhere on 
the surface, but not where the pia enters into the folds and 
anfractuosities, and doubles itself. 
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887. The arachnoid is extended over the whole cerebrum 
from its very top to its last borders; and from there it is con- 
tinued into the medulla oblongata, and from this into the 
medulla spinalis; nor does it cease except in the last apex of the 
cone where cease also the other meninges. It passes from the 
cerebrum into the medulla oblongata from the lower part and 
from the upper part. From the lower, it passes over the an- 
nular protuberance, — as was observed by Ridley (n. 329 su^ 
pra) in a dropsical brain. His words are, "There is a looser 
duplicature of this membrane in the deeper part of the cere- 
brum, between the begiiming of the annular process and the 
first appearance or projection of the olfactory nerves (as ob- 
served by Vesalius who called it the process of the pia mater) 
where was found a large quantity of water." From the upper, 
it passes around the testes or through the isthmus, which is the 
tract mediate between the cerebrum and cerebellum where are 
situated the testes, the nates and the pineal gland. This also is 
according to Ridley and the other authors. This path is laid 
down from the cerebrum to the medulla oblongata, and here 
also is the path of its fibres. That it leads from the isthmus 
and over the nates, confer Ridley, n. 329, above. 

888. It is extended also over the whole cerebellum, and in 
Kke manner is continued therefrom to the medulla oblongata, 
and from the latter to the medulla spinalis. It passes from the 
cerebellum to the medulla oblongata also from two sides, — from 
the lower, to the annular protuberance, and from the upper, 
around the fourth ventricle, and, in fact, through the peduncle 
and the vermicular process which is the common node and 
gathering up of the circles of the cerebellum. Such also is the 
continuation of the pia meninx which it accompanies; and so 
also do the fibres proceed. That it flows down from the cere- 
bellum towards the fourth ventricle or towards the lowest part 
thereof which is called the calamus scriptorius, is mentioned 
by Ridley and also by the other authors enumerated above. 

888. Thus the arachnoid tunic extended over the cerebrum, 
is conjoined in the medulla oblongata with that which is ex- 
tended over the cerebellum; and from the two sources it coal- 
esces into one membrane, and, thus united, flows down through 
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the great foramen of the occiput, and over the whole medMa 
spinalis, constituting the second integument proper to the latter. 
According to Vieussens, who is cited by the other authors, 
though Vieussens mentions a third integument proper to the 
spinalis. 

840. From the above considerations it is clear that this 
tunic is a perpetual and continuous membrane throughout the 
whole encephalon, being in this respect different from the pia 
meninx and also from the dura; these are indeed continuous, 
but with an interruption by folds and insinuations. For the 
pia mater connects the several parts in particular, while the 
arachnoid tunic connects the same parts in general. It does 
not insinuate itself with the pia mater into the anfractuosities 
and furrows, but is extended over them. Thus it does not 
enter into the cerebrum or cerebellum, but is entirely super- 
ficial; for when it is removed, the cerebnun and cerebellum 
appear bare with all their anfractuosities and sulci. Q>nfcr 
Winslow, n. 330. 

841. Thus the pia mater is a superior universal membrane, 
the arachnoid an inferior universal membrane, and the dura 
mater a general membrane; for the latter does not dip down 
into the several parts, but forms processes, — called processes 
of the dura mater, — only around the larger sinuses. 



CHAPTER II. 

THAT THE ARACHNOID TUNIC ENCLOSES A LYMPH OF THE MOST 

CHASTENED NATURE. 

842. Since the arachnoid tunic, is separable from the sub- 
jacent meninx, both by injection and by inflation, and in dropsi- 
cal brains has actually been seen separated, it follows that there 
is an interfluent humor which keeps them apart; otherwise they 
would coalesce. 

848. The pia meninx perpetually exudes a certain dew. 1 
wish to adduce entire the remarks of Pacchioni respecting the 
perpetual exudation of the pia meninx, in order that it may be 
dear that this meninx is itself a perpetual spring of humor. 
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His words are: "After you have carefufly cut away the cra- 
nium and turned over, from the forehead to the occiput or to 
either side, a not inconsiderable portion of the dura mater in 
such way that the stronger cohesions of the two meninges still 
remain; and then shortly afterwards have wiped off the dew 
of the meningeal substance, you will see new drops coming 
from the substance, and the same kind of moisture, and this 
even without any pressure of the finger, — a most sure proof, 
not only that the pia meninx is for some reason externally 
pervious and perforated, but also that in its foramina or punc- 
tures trickles something of the nature of lymph. Moreover, 
what shall I say respecting that oleaginous lymph which is 
found between the pia meninx and the tortuous and deep an- 
fractuosities of the cerebrum! This is by no means supplied 
by the cortical glands of the cerebrum and cerebellum, for 
after you have wiped off the latter you will certainly not ob- 
serve anything of the nature of htimor flowing out therefrom* 
Nay, the reverse, since the entire inner surface of the pia 
meninx, after being further wiped, always moistens, and 
abounds with a whitish mucous springing from every direc- 
tion, and this even though it be torn away from the dura mater 
and the cerebral cortex. That this same l3miph abounds in oily 
particles needs no better proof than sight and touch. If you 
use your eyes, the pia mater will be discerned, in some cadavers, 
to be sprinkled over with innumerable round and whitish par- 
ticles, — a fact to which my attention was called by an ob- 
servation of that most diligent anatomist Ruysch to the effect 
that in various places the pia meninx is rich with fat." [Opera. 
Romae, 1741, pp. 116-118.] So likewise the arterioles which 
creep between the two layers. The arterial offshoots which 
wind in the duplicature are present in the greatest abundance. 
Now if the mater itself sustains so numerous a cohort of arter- 
ioles which at various points adhere to it and which pierce both 
itself and at the same time the arachnoid tunic, according to 
the observation of Ru)rsch, — ^moreover a certain fibrous off- 
shoot connects the two, (n. 334), — and if secretion be gfranted 
to the arteries of the cerebrum as it is granted to those in the 
body, it necessarily follows that a perennial humor perpetually 
16 
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flows between the two membranes, that is, under the arach- 
noid. When the cerebrum and cerebellum, and at the same 
time the medulla oblongata and medulla spinalis, swell up 
during their alternate animations, juice is expressed, and it is 
taken up by the spaces between the two layers; no otherwise 
than as is the case in the membranes of the body on every 
alternation of the diastole and systole. 

844. As to the nature of that juice it is known from its 
source and from the tunic itself. The source, which is the pia 
tnater and the smallest arterioles, can pour out no other dew 
th^ such as is of a better nature, that is, than purer blood 
together with suitable serum. In the Transactions on the 
Blood and the Cortex,* it has been shown throughout that the 
red blood, as it passes into the smaller arteries, is divided into 
a purer blood which is white and which is styled by us the 
middle blood and middle animal essence ; for the grosser serum 
IS rejected in every direction, and the purer, together with a 
like blood, retained. A better humor of the same kind is also 
<irawn off from the cerebrum. Moreover, in the Transaction 
on the Pia Mater, it comes to be demonstrated that this mem- 
brane is purely vascular, that is, is woven of the extreme 
capillaries of arterial vessels, but not of the genuine fibre of 
the cerebrum; for no fibre is reflected into this mater from 
the cerebrum. Now if it be vascular it must also necessarily 
distill a noble shower, and this under the arachnoid, that is, 
from its outer surface ; while from the inner surface comes a 
subtle fatty humor with which that moisture is mingled. And, 
therefore, Ruysch rightly deems (n. 334) that it is not fat 
that is contained in those little cells. The tunic itself, thai is, 
the arachnoid, is a delicate tunic, than which a more delicate 
does not exist in the body, — as Ruysdi cautions us three times 
as against Bidloo, n. 334 above. The contained juice and the 
containing tunicle most exactly correspond to each other. Thus 
the lymph must certainly be of the most chastened nature; that 
is to say, it must be a most highly rectified serum commingled 
with the purer blood, — such, in fact, oi is found in this dupli- 

^Economy of the Animal Kingdom, vols, i and ii 
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mature. '^Vessels of the utmost minuteness, (says Ruysch in 
the description of his table), are brought to view by the in- 
flation, and they derive their origin not only from the aforesaid 
inflation but also from a watery moisture which lodges be- 
tween the membrane in question and the pia mater" (n. 333), 
and, moreover, in hydrocephalic subjects,— descriptions of 
whose brains frequently occur in anatomical works, — in whose 
brains these spaces are everywhere filled. 



CHAPTER III. 

THAT THE LYMPH CONTAINED UNDER THE ARACHNOID TUNIC 

FLOWS DOWN BETWEEN THE MEDULLARY FIBRES OF THE 

CEREBRUM AND THE NERVE FIBRES OF THE BODY. 

845. In the Transaction on the Fibre it has been shown that 
between the medullary fibres of the cerebrum and the nerve 
-fibres of the body are little interstices through which trickles 
a most highly rectified humor. That there are little interstices 
between the fibres, n. 192; that a humor permeates those in- 
terstices, and what its nature, n. 194, 203, 209; and that this 
humor showers down from its very origin, that is, from the 
cortical substance,* n. 197, 218, 344. For this end the arach- 
noid tunic takes up a most highly chastened lymph exhaled 
from the pia mater and secreted by the interfluent arterioles, 
and sends it down through those finer anfractuosities, sulci and 
furrows whereby the cortical cerebrum is discriminated and 
the pia mater divided. For there are lesser and least anfractu- 
osities, which we style furrows, obliquely and variously ex- 
tended between the larger, especially at the bosses of the 
cerebrum ; into all these the pia mater slightly bends down and 
insinuates itself, and through them all flow down arterioles. 
When the mater is expanded during the intumescence of the 
cerebrum, it sends it away. This lymph is aptly derived to 
the spaces between the cortical glands, and thence to the 
spaces between the fibres; for when this juice falls down to 
those lesser interstices it can be carried nowhere else than 
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to the spaces between the fibres. Confer n. 197, 218. Espe- 
cially must this be the case if purest stamens detached from the 
pia mater form the softest meninx of the cortical gland ; and 
therefore, the humor can flow off into no other spaces than 
those which are intercepted by the cortica! glands, n. 172. 
For in the medullary substance of the cerebrum are smaller amd 
larger plexuses of fibres through which this humor is con^ 
tinued all the way to the nerves, 195, 229. 

846. Where many cortical glands flourish, and where they 
are most highly active above the rest, — as is the case m the 
sinciput or prow of the cerebrum, — there, not only is the pia 
mater more particularly and frequently furrowed, but it is 
traversed by more numerous arterioles and the arachnoid tunic 
is divided into more minute cells; to the end, namely, that it 
may administer fluids distinctly to each fibre and to each 
fascicle of fibres; and this in accordance with every need, as 
demanded by each fibre according to the degree of its activity. 
That the cellular tissue of the arachnoid tunic is more abundant 
near the top of the cerebrum than elsewhere, is established by 
all our authors, — Ridley, n. 327; Winslow, n. 330, 331 ; Heistcr, 
n. 332, and Ruysch, n. 334. 

847. Likewise in the medulla spinalis to which it is closely 
bound on the anterior side, and loosely on the posterior; for 
from this medulla through a chink, a passage opens (together 
with a great abundance of arterioles) into the cortical sub- 
stance, in order that thence it may provide for the several in- 
terstices between the fibres. In these particulars also we have 
the consent of the authors cited. So also elsewhere; whenever 
there are many cortical substances, and fibres springing from 
them, they demand a greater quantity of humor. 

848. But where the origins of the fibres, that is to say, the 
cortical glands, which are directly covered by the pia mater, 
are conglomerated not so near the surface, there the arachnoid 
is not distinguished and connected up into so many cells; and 
hence it does not become so closely adherent to its accompany- 
ing meninx, but is stretched out and smoothed into a flatter 
membrane; as is the case in the region more remote from the 
top of the cerebrum, over the cerebellum, frequently in the 
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medulla oblongata, and at the posterior side of the medulla 
spinalis. Qnisult the authors quoted above. 

S48. The arachnoid tunic, wherever it goes, is still attached 
to its pia meninx by means of septa, but here more strictly, 
there more loosely; in one place more densely, in another more 
sparsely; and also in divers ways. In such way, however, that 
from one cell there is a passage opening into another, — a pas- 
sage which has continual respect to the origins of the fibres 
whose interstices it irrigates with the required humor. 

850. These tunics dispense this fluid not arbitrarily but by 
law and command. For it is action in the extremes, that is, 
in the muscles of the body, that governs the quantity; that is 
to say, a greater action demands a greater quantity, and a 
lesser action a less. For the motor fibres of the body whereby 
action is determined correspond to the medullary fibres and to 
their cortical glands in the cerebrum which determine the ac- 
Hon. Thus it is these glands that designate the amount of 
which they have need, and that agitate the meninx spread 
ever them, and the arterioles, in such measure that these pour 
on the proportioned amount of humor. 

851. Without a perennial spring and interfluent lymph of 
this nature fibres would easily grow together; and then the in- 
diindual forces of the fibres and the indizndual forces of the 
muscles would coalesce into simultaneous forces and finally 
into general forces, — (W is usually the case in subjects 
worn out by old age, and in other subjects, in whom motor 
fibres no longer carry out the will of their animus. See above, 
n. 193, 225. Hence this lymph is as it were a lubricant which 
anoints, smoothes, and lubricates the hinges. The contrary 
effect results when this inflowing humor is too serous or slug- 
'gish, as is the case in dropsical subjects, paralytics and epilep- 
tics. 

858. When the animal draws its dying breath, and the brain 
fnakes its animations more deep, and rises and throbs to greater 
height, that is, spends all its powers and resources for the 
restoration of the organic and motor machine of the body; and 
when the arteries, soon to collapse, drive the full tide of their 
blood into the veins, and themselves secern nothing; then. 
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whatsoever of humor lies under the arachnoid is expelled into 
the fibres. Thus the membrane is emptied out. This is the 
reason why, in the dead, it is rare that any quantity of this 
lymph comes to view. 



CHAPTER IV. 

THAT THIS SAME LYMPH IS DERIVED TO THE SPACES BETWEEN 
THE LAYERS OF FASCICLES IN THE NERVES. 

868. Each fascicle of fibres, which, within the cranium$ 
and the vertebral sheath, is called the beginning of a nerve, is 
covered with a double or triple tunic. The inmost regards the 
fibre and the outmost the fascicles associated together in the 
nerves. These layers are held apart and prevented from coal^ 
escing by a juice of the utmost Auidity. This juice is none 
other than that which trickles between the fibres, or which, 
also for this use, is laid up under the arachnoid tunic. That 
the tunic of the fascicles is double or triple, see above, n. 215^ 
216, 217. That ligaments run from the inmost timic of the 
nerve into the outmost tunic of the fascicle, n. 221, 222. As 
to the use which the duplicatures of the membrane perform 
in the nerve, see 224, 227. 

854. The arachnoid tunic not only covers the cerebrum and 
cerebellum but it also accompanies the beginning of the nerves, 
both in the cranium and in the medulla of the spine, all the 
way to their exits; and thus it sprinkles the same noble juice 
between the layers as between the fibres. That this ttmic, in- 
duced over the beginnings of the nerves, follows them all the 
way to the foramina in the cranitun and vertebras, confer 
Ridley, 329, — ^but, from their appearance when seen by the 
naked eye, Ridley calls those beginnings fibrils. Winslow, 
however, describes the matter more accurately, n. 331; and 
he is confirmed by Heister, n. 332, and others. Thus it appears 
that the principal charge of the arachnoid tunic is over the 
nerves in the body. 
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CHAPTER V. 

THAT THE AKACHNOID TUNIC IS A PERPETUAL LYMPHATIC DUCT 

IN THE CERKBRUU, CEREBELLUM, MEDUU^ OBLONGATA 

AND MEDULLA SPINAUS. 

355. Lymphatic vessels such as occur in the body have long 
been sought for in the brain, but hitherto they have not been 
found. For Ike universal arachnoid tunic or duplicature is one 
single vessel or one single lymphatic duct, — but one that is 
continuous and is projected into a plane, that is, is extended 
breadthtvise at the same time as lengthwise. Pacchioni, to say 
nothing of other anatomists, expend ^gj^ ^^^^ ^i^^f bor in 
detecting lymphatic vessels in the t jJMy ' M i ^^^asserta 
that he has found a number of ****-mHFiM||iii w- But 
other keen sighted anatomists afSrr ^H^feT|^*^H* '**^* 
been seen only in diseased brains. These vessels moreover 
openly communicate with the arachnoid tunic, of which they 
seem to be folds or corrugations. Nuck affirms that a lym- 
phatic vessel was seen by him in the choroid plexus, but none 
as yet in the surface of the cerebrum [n. 335a]. But it ov^ht 
to be plain from the use whether it is required that they ex- 
ist in the brain in the same way as in the body. 

356. The lymphatic vessels of the body carry a lymph 
purged of every dreg; a like lymph is also carried by the arach- 
noid duct within Us tunicle. For when their nature is ex- 
plored both lymphs, subjected to heat, Hy off into a subtle 
vapor, nor do they leave anything earthly and dead, as does 
common water. Thus they agree in nature. The lymph of 
the cerebrum, — which is the same as this lymph contained 
under the arachnoid tunic, — and that of the lymphatic vessels 
has been tested by many and it has been found that both 
fymphs present the same nature and purity. From other 
tests it may also be concluded that the lymph, both of the 
brain and of the lymphatic vessels, is not purely elementary, 

The Latin is nullum operant, noit, so that the phrase should r«ad 

which means "no labor." But the mtllam non operam, — as translated 

tense shows that our author has in the text, 
inadvertently omitted the word 
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but is oommingled with animaf [substance], such as is suit- 
able to the blood in order that it may be recompounded; 
wherefore all the lymph in the body is carried off into the 
veins. 

867. The lymphatic vessels of the body are visibly woven 
of a most delicate membrane, than which there is none more 
delicate. So likewise the arachnoid membrane, especially in 
the uppermost region of the cerebrum; as is acknowledged by 
Ruysch, n. 334. The delicacy of these two membranes, of 
itself proves nothing except that the contained juice and the 
containing tunic mutually correspond to each other, n. 344. 

858. The lymphatic vessels of the body are not continuous 
ducts like the arteries and fibres, but are interrupted, and are 
of a vesicular and cellular structure, though pervious from 
Cell to cell with an open passage, — which perhaps is demanded 
by the nature of the Huid; exactly as is the case in the arach- 
noid tunic, which is not continuous but is attached to the 
meninx by intermediate septa, and is discreted into numerous 
cells with a passage opening from cell to cell. 

869. The lymphatic vessels in the body draw their juice 
from the last extremities of the arterioles; thus they draw a 
purer blood associated with a suitable serum. Such a juice 
is also drawn by the arachnoid duct, see above n. 344, 

860. The lymphatic vessels convey almost all their juice, 
collected from every tHscus, muscle, gland, into a single 
thoracic duct; but the arachnoid duct is, from the very first, 
a single duct diffused throughout the whole encephalon. For 
the viscera and muscles of the body do not cohere, nor do 
they concord in the forces and moments of their action; and, 
therefore, the lymph must be conducted into one stream. The 
case is different in the brains and their medullas, 

861. The lymphatic vessels of the body unload their pure 
lymph* into the veins, and especially into the subclavian; to the 
end thai their juice may return by a circle from blood to blood. 



♦The text has merely "suam view Swedcnborg's asaal styles 

pnram,"— the addition of the we suspect the tme reading to be 

word "lympham" being required to '%uum succum," aa in the preced- 

eomplete the phrase. Having in ing paragraphs. 



A PERPETUAL LYMPHATIC DUCT. 249 

and may enter the red blood which is resolved at every turn 
of the circulation. It is a little different in the case of the 
arachnoid duct which, in fact, unloads its juice not imme- 
diately, but mediately, after it has first passed through the 
structure of the nerves; see above n. 199, 200, 319. More- 
over the cerebrum pours a similar, fresher, and still more 
noble essence into its jugular veins and by these into the same 
subclavian vein, from the opposite side to that from which 
the lymphatics pour in theirs. That the cerebrum transmits 
a copious animaf juice from its anterior* and third ventricles, 
through the infundibulum, and by means of the pituitary 
gland, into the jugular vein, will be seen demonstrated in the 
Transactions on the Cerebrum. 

862. Such then is the agreement between the lymphatics of 
the body and the arachnoid of the brain. The lymph is of 
like nature and origin. The membrane itself is of like text- 
ure, — both tunics being, without doubt, cellular, — and of like 
fineness. Thus they mutually correspond to each other, and 
perhaps mutually respect each other, in the way, namely, that 
this lymph of the brain, after passing through the nerves, is 
poured into the arteries of the body; from the arteries it re- 
turns through the lymphatics into the veins; from the veins, 
by means of the heart, into the arteries, and that which re- 
turns to the carotids is again unloaded into the common 
lymphatic vessel of the brain, and so, passing through the 
nerves, it again returns into the lymphatic vessels of the body 
through a perennial circle, — except as concerns that part of it 
which is spent on the uses of the kingdom. Thus prudent 
care is taken that nothing of this noble offspring, the lymph, 
shall be lost until it has performed its use in the inmost pene- 
tralia of the body. 

368. That this universal duplicature of the cerebrum is 
made up of an infinitude of lymphatic ducts coalescing into 
one, is, for one reason, because the origins of the nerves are 
scattered through the cerebrum and cerebellum and also 
through the medulla oblongata and medulla spinalis, and all 
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2S0 THE ARACHNOID TUNIC. 

these origins, and consequently the nerves, m whaisoeuer- 
corner of the body they act, must he provided for frotm a- 
general [centre]. And because there is a passing from one 
cell to another, there is a most perfect communion of this 
good or lymph, as there is also of the blood in the cerebral 
arteries, and of the juice in the arterial tunics, tl 179. For 
whatever of fluid is found in one cell of the arachnoid, this 
same is communicated to all the cortical gUmds, the fibres^ 
and the nerves in the body; so that there is not a Abre which 
cannot make demand on this public for what it needs, and 
as it were assert to itself as though its own, all that is in the 
common store. This is of the greatest importance to the nerv- 
ous system and to the whole animal economy which depends 
on the state of that system. 

864. For on this tunic's or arachnoid's integrity, continuity, 
connection with the pia meninx; and on the quantity, quality 
and dispensing of this lymph, depend the lot and condition 
of animal life. For from its defect the fibres grow together; 
from its ofRuence they are held apart; from its malignity 
they are puckered up and wounded, and, together with the ap- 
pended motor fibres, are agitated into stormy motions; and so 
forth. 

866. The meeting place, whither flows all this lymph con- 
tained under the arachnoid, is the lowest and posterior region 
of the medulla oblongata around the calamus scriptorius. 
Thither it flows down from both brains and is derived from 
every circuit of the medulla oblongata. "A looser duplicaturc^ 
(says Ridley), was found at the extremity of the calamus 
scriptorius," n. 329. And from there it goes down through 
the great foramen of the occiput to the posterior part of the 
medulla spinalis. In that region a passage opens also for the 
pituitary lymph contained between the dura and pia meninx; 
for there is an intervening space. But this is not the case in 
the anterior region, according to Vieussens' observation. In 
that place also there is a reticular plexus, not unlike the 
choroid, which sprinkles on its fluid. The reader will see this 
plexus and the signal use performed by the fourth ventricle 
and the calamus scriptorius, treated of in our Transactions 00 
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the Brain. For the arachnoid tunic adheres to the anterior 
part of the spine more closely, and, therefore, the Huid is led 
around to this opposite side as to its meeting place. Accord' 
ing as the affluent stream is greater, so the membrane is 
strengthened; and, therefore, in the medulla of the spine it is 
denser, somewhat reddish with bloodvessels, and constitutes 
its second true integument. That the arachnoid tunic in the 
medulla of the spine is besprinkled with bloodvessels, is not 
denied by Ruysch, although he is sharply contending against 
Bidloo that in the cerebrum it is the most delicate of all menK 
branes. The spinal nerves also demand a considerable quantity 
of this fluid, since they are the nerves that enter into the most 
active muscles of the body. 



CHAPTER VI. 

THAT THB ARACHNOm TUNIC PERFORMS MANY OTHER USES. 

^66. The arachnoid tunic also restrains the grosser and 
pituituous humor, collected between the dura and pia mater, 
from flowing down to the spaces between the lesser folds and 
tortuous ridges of the cerebrum and infesting the fibres in 
their beginnings, that is to say, stopping up the little spaces 
between the cortical substances; for a sluggish and pituituous 
humor of this kind, if poured around the cortical glands, 
would easily stop their activities and agglutinate the junctures 
of the fibres. 

867. From the arterioles under the pia meninx, there is 
also secerned an immense supply of serum; but it is fatty 
and sluggish because freighted zvith urino-saline and sul^ 
phureo-^aline particles of the resolved blood. Unless on these 
particles were poured the more limpid and fluid liquor dis- 
tilling from this duplicature, the fibres would be bathed about 
by too rough a moisture, whereby they likewise would be ren- 
dered unfit for action. 

868. By means of this tunic also, a host of arterioles is 
maintained unseparated in their natural situation and stream; 
far arterioles creep in due manner in the duplicature of both 
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these meninges and are attached to both by fibrous connections. 
See Ruyscfa, n. 334. For on their arterioles depend the cortical 
glands; on these the fibres; on these the nerves; and on the 
nerves the whole animal machine. Hence it is the arachnoid 
tunic, conjointly zvith the pia menkix, which constantiy holds 
the arterioles and by consequence the several things dependent 
on them, in suitable situation, distance, connection, order, law, 
form, mutual respect, determination, — and this, howsoever the 
cerebrum is expanded or constricted, lifts itself up, is tumultU' 
ous, is jarred or struck. 

369. The arachnoid tunic, with what power it can, also 
maintains the connections of the surface of the cerebrum di- 
vided into serpentine tracts and diversiform areas; for it over-' 
lays the several divisions, larger and smaller, that is, the sulci, 
while the pia meninx folds and insinuates itself into them. 
For when the arachnoid has been removed and the cerebrum 
thus laid bare, they aU come to view. 



PART HI. 
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DISEASES OF THE FIBRES. 



CHAPTER I. 

THAT ALL DISEASES IN THE ANIMAL BODY ARE DISEASES OF THE 

FIBRES. 

870. There are diseases of the solid parts, there are also 
diseases of the fluid. Solid parts are the bones, cartilages, ten* 
dons, cuticles, membranes; nay, even bloodvessels and also 
fibres, viewed as to their tunics. The fluid parts are humors 
of divers kinds, such as the gastric juices, the salivas, the paf^ 
creatic juices, biles, chyles, the lymph of the thoracic duct, 
milks, the genital fluid; in general the red blood with its 
serum, the purer blood or nervous juice, and the purest blood 
or first essence of the blood. But whether the part be solid 
or fluid or soft, it still pertains to the fibre; for there is nothing 
in the universal body save the simple fibre. The FiBREiy 
chapter xxiv [nos. 314-316]. From this is derived the com^ 
pound, or medullary and nerve fibre; and from this the blood* 
vessel, which is a fibre of the third order. The Fibre, chapter 
xxii [nos. 298-303]. And except fibres and vessels, there is 
nothing substantial that enters into, raises up and determines 
the form itself. The Fibre, chapter xxiv [nos. 314-316]. 
Moreover, a fibre is not called fibre, nor is it a fibre, without 
its fluid or blood; or the container and the content act as 
one cause. From these considerations it follows that diseases 
4>f the fibres in a broad sense embrace all diseases, in general 
-end in particular; thai is, the pathology both of the body and 
4>f the animus. 
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CHAPTER II. 

THAT DISEASES OF THE BODY^ PASSIONS OF THE ANIMUS, AND 
CHANGES OF STATE OF THE MIND ARE AFFECTIONS OF 

FIBRES IN GENERAL. 

371. UlHtnate fibres are the blood vessels; mediate Hhfes 
are the nervous and medullary fibres; first fibres are the sif9^ 
pie, which are the beginnings of the rest. There is red blood 
in the ultimate fibres, or vessels; there is purer blood m the 
mediate fibres; and there is purest blood in the first or simpU 
fibre. Therefore, there are diseases of the bloodvessels or of 
the red blood; there are diseases of the mediate fibres or of 
the purer blood; and there are diseases of the simple fibres or 
of the purest blood. 

872. Diseases of the red blood are diseases proper, and ii- 
deed are diseases of the body. They spring for the most part 
from the red blood itself and its vitiation and malignity. 
From this do the other humors take their vitiation; and thence 
the glands, muscles, viscera, the vessels themselves and UnaUj 
the nerves. Diseases of the body are of many genera and «•- 
numerable species; these are here to be treated of. 

The remedy for these diseases is obtained from drugs, and 
hence from the mineral, vegetable and animal kingdom; like* 
wise from regulation of the food or from dieting; front mo- 
tion and rest, sleep, the temperature of the air, tranquillity of 
the mind;* and from such other means as are found to pnrify, 
emend and redintegrate the blood. 

873. Diseases of the purer blood or nervous juice are not 
diseases of the body, but are properly of the mind,* and are 
called sicknesses, passions, and also affections of the mind,* 
For the nervous juice, that is to say, that juice which runs 
through the medullary and also through the nerve fibre, is the 



* Animus the lower, external or phrases of common nstge it has 
animal mind. We have usually seemed advisable to render It 



carried this word over into the "mind"— distinguishing it 
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same as the animal spirit which rules, not only in the nerves 
of the body but also in the medullary substance of the cere- 
brum, cerebellum, medulla oblongata, and medulla spinalis, 
and which also passes through the middle of the cortical 
glands which, taken together, constitute the common sensory. 
Therefore from a vitiated state of the spirits arise sicknesses 
which affect immediately, not the body but the mind"^ of the 
body; such, for instance, as anger, fury, jealousy, species of 
ludicrous haughtiness, melancholy, inconstancy of moods, impa* 
tience, foolishness, timidity, excessive ardor of the concupis^ 
cences and excessive slackness, weakness of the imagination, 
lack of memory and -finally privation thereof, — and many other 
His which are affections of the cerebrum and are attributed to 
the heart. Nevertheless they inflow into the body, just as the 
purer blood inflows into the red blood and the fibres into the 
bloodvessels, and thus cause diseases. 

The remedy for these is also obtained from drugs which 
purify and restore the blood; and, moreover, from the festive 
board* and from agreeable and complaisant society; also from 
moral philosophy. But it should be carefully ascertained 
whether these sicknesses arise from depravity of the red blood, 
that is, from some disease of the body, or from causes of 
their own, or from a perverted state of the intellectual mind. 
874. Diseases of the purest blood are not sicknesses of the 
animus, but are proper to the intellectual mind to which be^ 
long perceiving, thinking, judging, willing, — faculties which 
do not pertain to the animus but to a sphere which is above 
the animus in man; it is otherwise in brute animals. Such 
diseases are not, properly speaking, diseases, — which are of 
the body, — nor sicknesses and passions, — which are of the 
animus; but rather they are affections of the mind and per-- 
versions of its state. Such are various loves of self, vain am» 
bitions, misanthropy, hatreds, excessive desires for depravity 
whence come malice and insanities whereof there are many 
species; imbecillity, and also excessive heat in thinking and 



*Ex coftvictu, literally from eating together. 
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judging, and the phantasies arising therefrom; nay, also stu^ 
pidity, and many other ills, — all of which spring from a precon^ 
ception of false principles respecting the connection and order 
of causes and ends, arising from obsequiousness and con^ 
plaisance toward the animus and its unbridled cupidities; and 
especially from the banishing of conscience. Hence come 
evils themselves, vices, transgressions, which lay waste and 
destroy their whole republic. 

For the purest blood or Urst essence of the blood, which 
determines the simple Abre, is not the animal spirit but is the 
external form of the soul. From this essence and its fibre is 
raised up the cortical substance wherein our rational tnind 
finds abode; for it is the substantial form thereof, or the first 
organic form of the soul, — a form, namely, that is aptty 
framed of simple fibres; and as many as there are of such 
substances so many little brains and internal sensories aire 
there. Hence in accordance with the internal state of this 
substance, is changed also the state of our rationat mind; and 
if this is perverted, then spring forth hallucinations and «»- 
sanities. 

The remedy for these is obtained from the same remedies 
as emend the animal spirit and the sicknesses of the cmimus; 
also that the mind suffer itself to be informed by masters who 
have saner judgment; thus from natural theology and also 
from revealed; especially that the mind curb and restrain its 
animus and the impetuosities thereof, and thus set itself free 
under its own law and liberty. 

375. But we must carefully discriminate and judge as to 
what diseases are of the body, what of the animus, a$^ what 
of the mind; for it is often the case that the one so inflows 
into the other as to make it appear as though they were alwofs 
coexistent. Diseases of the body are all those disecues that 
Orise from causes which act in the bloodvessels, that is, with in 
the bloodvessels; and which act outside the nervous and 
medullary fibres, but yet upon them, consequently also outside 
the cortical glands, but yet upon them;^ also outside, and upon, 
the organic forms raised up by these fibres. 
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Sicknesses of the animus are all sicknesses that arise frotfi 
causes which act in the nervous or medullary fibres, that is, 
within those fibres; and which act outside the simple fibres, 
but yet upon them, consequently also Tvithin the cortical glands 
but yet upon them. For according to the description in Trans- 
action II [n. 69 seq.], the cortical gland is a tiny ventricle (like 
a heart) or a follicle, which passes through the middle of the 
glznd and is continued into a fibre, that is, into its canal. 
Around this follicle is the body of the gland woven of simple 
fibres ; consequently, when the purer blood passes through this 
follicle it is said to act within the gland but yet upon it, that 
is, upon the simple fibres. Also outside of and upon the or- 
ganic forms raised up by the simple fibres. 

Perverse changes of the state of the intellectual 
MiNDt arise from causes which act in the simple fibres and 
within the simple fibres; as also which act outside the sub- 
stances or forms of the soul, but yet upon them, consequently, 
which act in the cortical glands which are the first organic or 
external forms of the soul 

376. From the above, it is apparent that there are stiU 
higher diseases; for the soul is above our intellectual mind 
and the intellectual mind is the external form of its soul, which 
is the internal or inmost and supreme form of its system. 
But of the soul, neither diseases are predicable, not sicknesses 
nor affections, but rather guilt, and consequently essential 
changes of state. But because the soul, properly so called, is 
above the simple fibre, therefore its guilt can be allotted no 
place among diseases of the fibres. 

CHAPTER III. 

the influx and correspondence of the sicknesses of the 

body^ animus and mind. 

877. No one, I believe, calls into doubt the fact that our 
intellectual mind, namely, its thought, zvill, love and desires 
inflow into the animus and its imagination, whence are excited 
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cupidities, and thai these inflow into the sensations, expres' 
sions, actions and pleasures of the body; for he who reflects 
a little upon the things which exist in himself, realises that 
the universal corporeal system is so connected that what is 
superior and interior acts into that which is inferior and ex- 
terior, and also vice versa. This fact is more than sufficiently 
proved by experience alone; for the mind frequently so oper- 
ates into the body as to trouble and darken the blood; as, for 
instance, when the mind is desirous of some end and this 
escapes it, the animus becomes so angry, inflamed and furious, 
that the blood grows hot and the bile is expelled from the gaU 
bladder, and fever seizes upon the viscera, nay, even upon 
the lower intestines so that they are twisted into a knot. Cofh 
sequently there is a perpetual influx and a perpetual com- 
spondence; nay, whenever they do not correspond, a combat 
is excited, whence arises disharmony which is the cause of 
many sicknesses and diseases. But to treat of this influx is 
the work of an entire volume. 

878. All diseases of the body whatsoever, recognise some 
corresponding sickness in the animus, and, corresponding to 
this, an affection or change of state in the mind. But although 
they correspond, they are not therefore to be denominated in 
the same way; as neither are diseases themselves. They are 
called, diseases in the body; sicknesses and passions in the 
animus; changes or perverse states in the mind; guUt in the 
soul. The pain which is in the body is called anxiety in the 
animus, evil conscience in the mind, hell in the soul. Bilious 
fevers in the body are anger, fury, resentment in the animus, 
burning hatred in the mind. The one also excites the other. 
Paralysis in the body corresponds to foolishness in the animus, 
and to fluctuation of the will and lack of the power of deter- 
mination in the mind. So also in the other diseases. But 
there is no way of setting forth the correspondences of all the 
diseases until the nature of each has been explored. Re- 
specting correspondences and their application the reader wiD 
see marvels in the Transaction on this subject* 



'^See above, n. 307, note. In the Latin this sentence Is printed in 
italics. 
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879. The correspondence of diseases is of like nature as 
the correspondence of grosser, purer and purest blood; or 
as the correspondence of bloodvessels, nerve fibres and 
simple -fibres; of heart, brain and cortical substance. The 
Fibre, chapter xxiii [nos. 306-308] . For these are forms which 
mutually succeed each other and, like as they mutually 
correspond to each other, so also do they mutually inflow 
into each other, act and suffer. From this it is plainly ap^ 
parent how many are the parts required for the science and 
art of medicine in order for its utmost perfection. 

CHAPTER IV. 

THE GENERAL CAUSES OF DISEASES OF THE BODY. 

880. There are general causes both of diseases of the body 
tmd of sicknesses of the animus, and also of the essential 
changes of state of our rational mind; but here I shall treat 
only of the causes of diseases of the body. 

881. All those agencies are causes of diseases of the body, 
which change a better state of the blood into a worse. When 
the blood is changed, then all the humors that come from the 
blood as from their storehouse and seminary, are also changed; 
and, with the blood and humors, the vessels and the several 
fabrications of vessels and fibres, and consequently also the 
members and viscera, and finally the whole corporeal system. 

881a. The first, principal and most general cause of dis- 
eases of the body is its sustenance, that is to say, its nourishment 
from substances dry and liquid. Aliments are substances which 
refresh and renovate the blood and, at every turn of the circu- 
lation, restore it after its dissolution; and which especially sub- 
minister those elements that enter into the chyle and constitute 
the serum whereby the blood is redintegrated. On the quantity, 
quality and dispensing of the aliments depends the tempera- 
ment of the blood. An excessive quantity, even of aliment of 
the better kind, that is to say, intemperance, is injurious. The 
quality of all foods and drinks is different; one is suitable, 
another unsuitable, according to the nature of each person^s 
blood and body. The dispensing, a matter which is of the 
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utmost importance, demands that a larger or smatUr quantity 
of aliments of this quality or of that be furnished for the use 
of refreshing the blood. Therefore the most general cause of 
disease is a quantity of a oualttv of a liments haaly dispensed. 
But the special causes of this condition are as many as are the 
species of aliments and the natures of the persons feeding upon 
them. 

882. The nature of the effect produced by the aliments that 
are taken in is shown by the excretions of the bowels and also 
by those of the bladder, that is, by the urine; by the pulsations 
of the arteries, the respiration of th& lungs, the changes of the 
animus, and discomforts that happen to the viscera. The 
specific and individual signs exceed all number. 

883. A secondary and more remote cause of diseases of 
the body is that subtle nourishment, little obvious to the senses, 
which is drawn in from the circumfluent air, by the respiration 
of the lungs and by the cuticles, and is introduced immediately 
into the capillary veins. These aliments are both dry and 
liquid, and they find lodgment in the air. For, diffused in tbe 
air, are nitres, urinous and sulphurous substances, dews, 
waters, essential juices whence come odors. What is effected 
by the presence of aerial nitre in the blood, and also by tbe 
presence of pestiferous vapors, is shown by experiments. 
Moreover, when the hands or face are wet, sometimes the 
water is absorbed even to dryness, and sometimes it is thrown 
out. Thus our corporeal system is like, as it were, to the sys- 
tem of the atmospheric world, which now impregnates itsdf 
with vapors and now clears itself from them by showers. The 
pores themselves are opened and closed according to the needs 
of the red blood and according to the state of the purer blood. 
Of these aliments, the amount insinuated is so great that 
it sometimes exceeds the amount of the aliments taken in by 
the gullet; as is shown by the example of men who have 
sustained life for a long time without food and drink, and of 
brute animals which pass through a long period on these foods 
alone. On the quantity, quality and economic dispensing of 
this aliment, also depends the temperament of the blood. But 
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neither the quantity, nor the quality, nor the dispensing of this 
nourishtnent depends on our own arbitrament; for it is remote 
from the senses and is governed for the most part by a cer- 
tain intelligence* whose instinct and moving cause is hidden 
from us. But more prudent dispensation is made by this in^ 
telligence, than is made by us in respect to aliments obvious to 
the senses, — aliments which, of our will, we put into the 
mouth and stomach without discrimination. 

384. The effect produced by these aliments is known from 
the pulse, the respiration, the affections of the cerebrum, the 
quantity and quality of the sweats, — for there are paths of 
excretion from the arteries just as there are of deglutition by 
the veins, — cmd at the same time also from the digestion, sleep, 
wakefulness, and other signs as yet unknown. 

385. A third and still more remote cause of diseases of the 
body is that insensible perspiration, called the Sanctorian,f by 
means whereof the aliment is drawn, not as before from the 
air, but from the ether; nor is this aliment led immediately 
into the veins or red blood, but it is led through certain fibres 
towards the cortical brain. Respecting these points compare 
The Fibre, chapter ix [n. 168 seq."]^ and Transaction IV On 
THE Animal Spirit* where the corporeal fibres are treated of. 
And is thence insinuated into the purer blood for the integration 
of the animal spirits and thus is derived into the medullary 
fibres and by them mediately into the blood; for as the red 
blood, in order for its refreshing, enjoys its little mouths and 
organs, so also does the purer blood. This point is placed in 
suMciently clear light by the experience of centuries, especially 
of our own. On the quantity, quality and economy of these 
elements, depend the nature and condition of the purer blood, 



*A quodam scienie, literally "by 
one who knows." 

fThe Sanctorian perqiiration so 
called from its discoverer, the 
Italian anatomist Sanctorius, is 
tiiat insensible perspiration of most 
subtle hnmor which exhales from 



little vessels, the sweat glands 
under the epidermis, whldi are 
much finer than the miliary or 
sebaceous glands. They are called 
by Swedenborg "pores of the 
second kind" (A. K 50S) 

tSee n. 8t, note, and n. 242, note. 
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that is, of our animal spirits; and because the latter Aaw inia 
the red blood and constitute its prittcipal essence, it must needs 
be, that if they be malignant they act as the roots of diseases of 
the body. 

386. One cause of diseases of the body which must also be 
referred to the class of general causes is the sickness of the 
animus which depends, as on an external cause, on the nutri- 
tion mentioned just above. Of this sickness there is also an 
internal cause, namely, the state of the mind itself, — a state 
which rouses and moves the animus also, as its servant, to the 
carrying out of what it wills and desires. But this is the su- 
preme and most remote cause of diseases of the body; for it is 
quite evident in the clear light of experience that a disturbed 
mind disturbs the blood of the body, nay, frequently to such 
an extent that from any excessive desire for an end, together 
with the loss thereof when hope fails us, we are thrown head- 
long into passions of the animus, and from these into diseases 
of the body, nay, into death. 

887. The four principal and general causes of diseases, 
recounted above, are the same causes as those by which we 
exist and subsist, that is, by which we live in the body; they are 
also the same cts those from which we die; so that the causes of 
corporeal life are also the very causes of diseases and likewise 
of death. For we live on aliments drawn from the earth, 
and from air and from ether, but a quantity of a quality of 
these aliments badly dispensed, is the verimost cause of dis- 
eases, or of the fact that every day we draw nearer to death. 
Ignorance as to the quality of nourishing foods, as to our 
constitution and as to the art of dispensing, that is to say, as 
to how quantity and quality should be dispensed with a view 
to the constitution of the recipient body; and, moreover, the 
fact that such matters are left to our will and its desires,-- 
these circumstances produce the effect that the same causes 
which are causes of life are causes of the destruction of life. 
So likewise the affections of our animus and mind; for as 
many as are the desires, and as many as are the cupidities, so 
many are the heats and excitements of life; but an immoderate 
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excitation, — that is to say, an immoderate quantity, — and in- 
deed of those desires which tend to depravities and are inimical 
to us, — that is to say, of a worse quality badly dispensed, — • 
produces the like result, namely, that it is the cause of 
our destruction or death. Just as abuse or quantity injures, 
so does defect or too great paucity. That the causes of life 
are the causes of diseases and consequently the causes of death, 
is the very nature of nature; to wit, that in her several causes 
and her several subjects, opposites and contraries are present 
in potency, whence come acts; for every created essence is by 
nature subject to change, privation and destruction. 

388. The outmost of all the causes that produce diseases 
is that which acts outside the bloodvessels, but yet upon them, 
and consequently outside the organic forms raised up by the 
bloodvessels, but yet upon them; that is to say, which acts 
upon the outmost surface of the body. Of this nature 
are violent assaults, blows, wounds whence result copious 
emissions of blood, luxations, contortions,* or injuries in^ 
Meted on the members, organs, head, etc. Of these causes 
some are fortuitous, and some voluntary. They are fortuitous 
when they come in some unforeseen or unexpected way, such 
as by the fall of a house, a ball thrown from a sling or gun, a 
tile falling on the head from the gutter of a roof, and like 
accidents. They are voluntary when one lays hands on him- 
self, desires death and invites it; so also if he invites diseases. 
There are also causes mediate between the fortuitous and the 
voluntary, as in the case of duels, battles, and perils by land 
and sea. 

389. Just as there are outmost causes so also are there 
INMOST causes which are the Arst causes of all, or the causes 
of causes and the verimost essential. These, since they are 

not voluntary or of the mind but are above voluntary causes 

■ f^ 

*Contorsiones. Blancaifs Lexi- that it leaves its natural position. 

con Medicum (ed. 1777) defines Thus it includes all kinds of 

this word as meaning an incom- sprains, strains, displacements and 

plete separation of any member of muscular contortions. 
fbe body from its connections so 
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which are af the mind, are called contingent cavsbs; for 
they come from somie other source, nor do we know whence; 
and therefore we attribute them to fortune, fate oH 
providence; such, for instance, as our coming into one or other 
of the dangers of life and the diseases arising therefrom; com- 
ing, namely, by chance, into those causes which are outmost 
and have just been recounted, or upon noxious aliments, or 
into places where are poisonous and deadly vapors, into emo* 
tions of the animus and desires and immoderate heats of the 
mind, and into innumerable like things, that is to say, into all 
the causes of diseases. But since there is no such thing as 
pure chance or fortune or luck; and since there is a series and 
connection of contingent causes from Ursts; and since first 
causes in the animal body arise from the soul; hence so also do 
the contingent causes of disease. These therefore necessarily 
spring from the soul as from their fount, and from its change 
of state; that is to say, — according to the nature of the soul, or 
according to the nature of its reception of the influx of life 
from the supreme spiritual form, such is the contingency 
which inflows into the series of our life. But these points are 
treated of in the Transaction on Providence.* 



*A chapter on 'Divine Provi- 
dence, Predestination, Fate, and 
Fortune" was to have been in- 
cluded in Transaction vi, On the 
Soul, or Rational Psychology (3 
Doc. 831), and in fact these sub- 
jects are dealt with in the post- 
humous work on the Soul, in the 
chapter "On Divine Providence** 
{Soul, 549-561). But the author 
seems to have also written 
a separate little work on this sub- 
ject ; for at the end of the chapter 
just referred to he says: "But 
Providence, Fate, Fortune, Pre- 
destination, and Human Prudence 
have already been treated of; 
these you may consult and sub- 
Join" {Soul, 561). This treatise 



is evidently one of those little 
'Transactions** which the author 
designed to publish "not less than 
fky^ or six times a year^ as con- 
tributions to his great work. In 
an edition of OBconomia RBon 
Akimaus in 1742 four sudi treat- 
ises were announced as *^o be 
published" They are all parts of 
Transactions v and vi as outiined 
by the author, and the last of them 
is entitled "On Divine Providence^ 
Predestination, Fate, Forttme and 
Human Prudence." (i Doc. S85). 
This is undoubtedly the work re- 
ferred to in Thb Soul, n. 561, and 
also in our text as the '^ransao- 
ticm on Providence." The wofk 
itself has never been found 



GENERAL CAUSES OF DISEASES OF THE BODY, 267 

« 

890. Such then is the series of the essential causes of life, 
diseases and death, from the inmost or contingent cause 
through intermediate causes to the outmost. In addition, there 
are mediate causes of diseases, ultimate causes, innate causes, 
and superadded causes. Essential causes concern the origin 
of diseases, mediate causes the progression, and ultimate causes 
the effect; innate causes are hereditary, superadded causes are 
acquired. 

891. Mediate causes are those which impede the causes 
of life in their progression from Arst origin to effect; for they 
are causes which entirely inhibit the progression of aliments, 
both terrestrial and aerial, and also etherial; likewise, 
which inhibit the emotions of the animus and mind, — 
emotions winch are the heats of life whence come diseases. 
Progression is promoted by sleep, wakefulness, motion, rest, 
social intercourse, occupations, and many other conditions. 
If these are not suffered to progress in their natural order, 
diseases arise, the causes whereof are said to be mediate be- 
tween those that furnish the origin and those that produce the 
effect. For diseases flow from excessive sleep, excessive wake- 
fulness, excessive motion, excessive rest; or from the privation 
of these and also from the privation of occupaHons by which 
we are roused up. 

892. Ultimate causes are those which restrain or entirely 
stop the EFFECT. Effects are the discharging of the bowels 
and bladder, sweat, the Sanctorian perspiration, the exercise 
of venery, the hemorrhoidal, menstrual and salivary flux, and 
many others. If these are impeded diseases ensue. For all 
causes have a certain series from the first point to the Ictst; 
and so also the causes of life, diseases and death. If origin is 
denied, progression and effect also come to nothing; if effect, 
the course and progression from origin to the effect provided 
by nature is also denied. Now because the effect is the uZ/i- 
mate in the series of causes, therefore these causes c^re called 
ultimate. 

893. Innate causes are hereditary, that is, are derived 
from parents. Superadded causes are those which come from 
the previous acts of life and put on a nature as though they 
were innate; they are also called acquired causes, and some of 
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them become hereditary. But neither of these causes can prop- 
erly be said to be the causes of disease, since they are ofdy dis- 
positions for receiving diseases of one kind or species or cm- 
other. The subjects are of universal variety. The blood of one 
is never entirely like that of another, as neither are the animus 
and mind. Therefore we are more or less prone or slow to the 
taking of diseases. One thing innate with all of us, and which 
we derive from our parents as a universal characteristic, is our 
decline and ultimate death. Therefore, with advancing age, 
we come into sicknesses or infirmities, the complement of 
which, or the last line drawn under the sum of the sicknesses, 
is the death of the body. 

894. We ha/ue thus distributed the causes of diseases into 
their classes; for without a distinct knowledge of causes there 
is no distinct, stilli less any certain science and art of healing. 
Each disease can, as I believe, be reduced to one of the classes 
defined above. But recapitulation will perhaps be of service. 
Of diseases there are principal or essential causes; these 
are many in number, one following the other. The first or 
inmost is called the contingent cause. After this comes the 
SECOND, which results from the state of the mind and animus; 
the third, which results from the use of etherial aliments; the 
fourth, from the use of aerial aliments; the fifth, from the 
use of terrestrial aliments; outmost causes, which act upon the 
forms of the body extrinsicaOy. Since there are essential 
causes it follows that there are also accidental causes, to wit, 
all those causes which arise from the essential; as, for instance, 
those which arise from vitiation of the humors bom of the 
blood. Philosophically speaking, all causes of diseases are ae* 
cidental except that first cause which is called the inmost. But 
these subtleties we pass over. The causes just enumerated 
are those which give rise to diseases; aft^r these come 
mediate causes, which inhibit the progression of the natural 
causes of life; and ultimate causes which inhibit their ef- 
fect. But innate onrf superadded causes are not actiiH 
causes but passive; thus, properly speaking, they are states 
recipient of causes; for wherever there is an active there musi 
be a passive. 
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CHAPTER V. 

PARALYSIS AND PARESIS. 

895. Paralysis arises when the red blood is intercepted or 
impeded as it flows into the smallest vessels of the motor fibres 
of the muscle; but if the animal spirit is intercepted or im- 
peded as it flows into the motor fibres of the muscle, apoplexy 
results; thus paralysis differs from apoplexy. The animal 
spirit and the blood are the two principles which (actuate the 
muscle; for the former excites it to action, while the loiter 
restores it, whence come the muscle's alternate motions. 
Therefore when there is a deficiency of one or the other the 
reciprocation perishes; for the spirit is the agent while the 
blood is the reagent, and the agent knows no terminus except 
from its reagent by which it is determined into prescribed 
motions and thus into alternations of motions. There are 
some, nay, many, who confound the cause of paralysis with 
that of apoplexy ; for to both alike they ascribe a defect of the 
nervous fluid and an influx of the blood. But that these dis- 
eases differ, and how much they differ, is known to everyone. 
But a distinct knowledge of the causes of both diseases de- 
pends upon a distinct knowledge of the muscle and its motor 
fibres, and of the forces acting into them; also on a distinct 
knowledge of the blood and its vessels; and especially on a 
distinct knowledge of the nerves and of the interstices which 
pass through the porous structure of the nerve. A muscle 
cannot succimib to disease unless it is paralytic or apoplectic, 
that is, unless there is a deficiency of blood or of animal spirit; 
for it is well known that if the artery or nerve of a muscle is 
torn, the muscle loses its faculty of action. Therefore priva- 
tion of the blood cannot be the same cause as privation of 
the spirits ; the blood is in the vessels, but the spirit is in the 
fibres of the nerves. 

896. // the prevention of the flow of red blood into the 
capillary vessels of the motor fibres is the proximate cause 
of paralysis, the question arises. In how many ways is this, 
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blood intercepted? The first way is, if the arteries flawing 
into a muscle or part of a muscle are stopped up, compressed, 
torn, or become tendinous, — that is to say, the larger or common 
arteries. The second is, if the capUlaceous Vessels themselves 
which encircle the motor Hbre become exsanguinous and 
coalesce into threads of a tendinous nature. The third is, if 
the arteries secrete and unload an abundance of serous humor, 
and the veins and other ducts fabricated by nature faU to take 
it up and carry it off. By reason of this the muscle and its 
membranes and ligaments are inundated and relaxed; thus 
not only is the muscle rendered impotent of action, but, in 
addition, the morei minute vessels do not admit the blood into 
their counties. Fourth. A similar effect results if there is an 
abundant afflux of humor from the nerves, — namely, 
through the interstices of the fascicles of fibres which an 
somewhat open. Respecting these interstices see The Fibres 
chapter X [nos. 188-207]. 

897. As r^ards the first: The arteries are stopped up 
from causes in the blood; as, if the blood be clotted, pituitous, 
cold, sluggish, filled with bile, concreted into fibres, destitute 
of spirit, or itself spurious. They are compressed by ligatures, 
a reclining posture, neighboring abscesses, fistulas, ulcers, con- 
tortions* of the members. They are torn by erosions, ulcers, 
aneurisms, applied force. They become tendinous from pri- 
vation of the influx of spirits into the fibres of the muscular 
tunic, or of blood into the other tunics; from the stopping up 
of the glands situated in their tunics; and from inaction. 

898. With regard to the second: These smaller arterioliS 
coalesce by reason of too great inactivity, of fat, and of the 
same causes that produce tendinification in the larger arter" 
ies; age also causes them to diminish, to coalesce, and to be 
obliterated and end as lines of a tendinous nature. 

899. As concerns the third: A flow of ichor or serum 
arises from the closing of the paths of evacuation, such as 
those between the motor fibres, through the surrounding menh 



*Sce n. 388, note 
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brane and the skin, nay, through the bladder and bowels; and 
from the compression of the absorbent veins. Thus if the 
veins are compressed, stopped up or become tendinous, a 
similar effect results as in the case of the arteries. Thus when 
a muscle with its membranes and ligaments has become re- 
laxed and flaccid it no longer possesses in itself the power of 
action. Moreover, the humor has the effect of impeding the 
influx of blood into the vessels of the motor fibres. The 
same is the case if a pure serum somewhat sluggish in its na- 
ture inflows into these same vessels; for such serum resists the 
active nerve fibre; the case is different with the^ blood. 

400. As to the fourth : // an opportunity of discharge is 
denied to the humor that flows out from the interstices between 
the fascicles of a nerve, the motor fibres, or the muscle with 
its membranes, are in like manner relaxed and infested with 
waste matter. For when a nerve is unfolded, all the humor 
that is carried down through the interstices between its fas- 
cicles escapes, and, having performed its function, is rejected; 
but if it is denied an exit, it is accumulated in the muscle. 
This humor is brought to the nerve in the region of the corti- 
cal substances; for when the arteries are inflamed it is collected 
in the sulci or anfractuous folds between the layers and 
reticular plexuses of the medullary substance, and under the 
dura mater where the fascicles of fibres unite into a nerve. 
In this way do they secrete their lymph in the cerebrum, cere- 
bellum, medulla oblongata and medulla spinalis, in the nerve 
itself from the arteries which pass over it, and between the 
fascicles. 

401. From this it follows that a paralysed muscle is soft, 
reUixed, as it were loosened from connection with the neighbor- 
ing parts, hence deprived of reactive powers and thus in- 
capable of elevation by any power of the will, devoid of sen^ 
sation except one that is mute and is stimulated by pricking, 
and as it were dead flesh, unless the fibre be living. It can 
be revived if the disease does not have its seat in the primary 
viscera of life, such cts the heart, lungs, stomach; as a rule, 
also, it has its seat in the lower intestines, the abdomen, blad- 
der, thorax, shoulders, arms, loins, feet, neck, and face. When 
it is of a lighter character it is called paresis. 
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402. Paralysis is of a more universal nature when the af^ 
fected veins are nearer the heart, or when the nerves from 
which this malady springs are nearer the brain or further di^ 
tant from the muscles. The paralysis of one muscle is felt by 
the neighboring muscles according to their connection with it, 
— especially by an antagonistic muscle; in their own way also 
they suffer from it. From various indications, those skilled m 
matters anatomical knom wherein the seat of the disease lies; 
from this and also from causes, judgment may be made as to 
whether it is curable, whether or not it is fatal, and what 
measures must be used. 

408. After a somewhat severe paralysis has persisted for a 
long time, many of the arterioles remain collapsed, the ligor 
ments of the muscles too greatly extended, flaccid, and partiy 
ruptured, and the membrane somewhat loosened from its 
flesh; so also the fascicles and their tunicles and ligaments; 
sometimes the larger vessels are injured. Hence come «»- 
ordered motions, at times convulsions, debility, tremor, shak^ 
ing, lack of obedience to the several decisions of the braith 
and many other symptoms. 



CHAPTER VI. 

APOPLEXY, HEMIPLEXY, PARAPOPLEXY, PARAPLEXY.* 

404. In order that we may know all the species of apoplexy 
and their causes it is necessary that we know from the most 
searching exploration what office is performed by the cere- 
brum, what, properly, by the cerebellum, what by the medulla 
oblongata, and what by the medulla spinalis; what connection 
they hold with each other; how one or the other flows con* 
jointly and also separately into the muscles, and consequently 
into the viscera of the body. From the anatomy of the cere- 
brum it is evident, that the cerebrum, or its cortical substance. 



♦Hemiplexy is the paralysis or lower half of the trunk; Paea- 
palsy of one side of the body; plexy, paralysis of the lower 
Parapoplexy, paralysis of the limbs. 



APOPLEXY. 273 

which, properly speaking, takes the name Cerebrum, is the 
COMMON SENSORY ; for the five organs refer their external sen- 
sations to the cortex of the cerebrum as to their common and 
sole internal sensory. The cortical cerebrum is also the com- 
mon VOLUNTARY MOTORY; for whatever is to be done by the 
mediation of the nerves and muscles must first be determined 
in the will by the cerebrum. Therefore the cerebrum is 

THE COMMON SENSORY AND THE COMMON VOLUNTARY MOTORY, 
AND, IN FACT, THE PRIMARY AND PRINCIPAL. But the CERE- 
BELLUM is not a sensory, or is only a most general and obscure 
one to which no particular idea, such as comes to our con- 
sciousness, is represented except by the effect. Hence the 
cerebellum is called the common spontaneous, natural and in- 
voluntary motory whence come those actions which are called 
instincts. Thus the cerebellum is the primary and prin- 
cipal COMMON spontaneous MOTORY ; and the difference be- 
tween it and the cerebrum, is of the same nature as the dif- 
ference between the voluntary and the spontaneous natural; 
or between that of which we are made conscious and that of 
whose origin, progress and effect we are wholly ignorant. The 
MEDULLA oblongata, on the other hand, partakes both of the 
fibres of the cerebrum and of those of the cerebellum; for 
fibres from both these organs are brought down into it, and of 
these, as also of its own proper fibres, it is made up. This 
medulla is, as it were, a medium uniting the cerebrum and 
cerebellum and a medium simultaneously transferring the sen^ 
sations of the five external organs to the cerebrum, and the 
hidden operation of the viscera to the cerebellum, and also 
the decisions and commands of both to the muscles. It may 
be called a common sensory and motory both of the cere- 
brum and of the cerebellum, but a secondary one, and a 
superior instrumental. So likewise the medulla spinalis, 
which is structured of fibres of the cerebrum and cerebellum 
and also of its own, deserves to be called a common sensory 

AND motory, but A SECONDARY ONE, AND AN INFERIOR IN- 
STRUMENTAL, in that it is nearest to the body. 

405. Moreover, we ought also to know what connection the 
cerebrum, cerebellum, medulli oblongata and medulla spinalis 
18 
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maintain with each other. The connection can be explored 
from the connection of the membranes, sinuses, arteries, and 
fibres. From this it is evident that these four viscera of the 
encephalon, or superior kingdom, that is to say, the cerebrum, 
cerebellum, medulla oblongata, and medulla spinalis, are so 
mutually inter-connected that the cerebrum can act into the 
cerebellum and, conjointly with this, into the medulla ob- 
longata and medulla spinalis; but then every action is called 
voluntary, — action which is done in the daytime or in wakeful- 
ness. Likewise, that the cerebellum can act into the cere- 
brum and, conjointly with this, into the medulla oblongata and 
medulla spinalis, — but every action thence resulting is called 
spontaneous-natural, such as takes place at night or in sleep. 
Further, that the cerebrum and the cerebellum equally vindi- 
cate to themselves the right of acting into the underlying 
medulla oblongata, that is, into the annular protuberance and 
the olivary and pyramidal, and consequently into the nerves 
springing from these protuberances; but that the cerebellum 
asserts to itself a fuller right of acting into the fourth ven- 
tricle, the region thereof, and the subjacent medulla spinalis, — 
which latter can be excited generally by the cerebellum, but 
not so by the cerebrum except in particular, and by means of 
the cerebellum. But these points will come up for demonstra- 
tion in the Transactions on the Cerebrum and its Membranes* 
Meanwhile, without a previous knowledge of the whole brain 
we can never deeply explore the causes of apoplexy, epHepsy, 
catalepsy, hydrocephalus, coma, and many other diseases. 
With these premises let us now enquire as to apoplexy and its 
species. 

APOPLEXY. 

406. Apoplexy is the impotency of the common sensory 
and the voluntary motory, that is, of the cerebrum and, in fact, 
of its cortical and cineritious substance, to sensate and act, 
that is, to receive by means of the fibres the images of the 
organs of the five external senses, and to excite from previous 
will the muscles to action, — the life and motion of the cere- 



♦The Latin is membris (members), which we have corrected to 
membranis. 
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helium nevertheless remaining, and consequently the life and 
motion of part of the medulla oblongata and likewise of the 
medulla spinalis. Thus apoplectics, deprived of the use of the 
better corporeal life, live only in the blood and body, except 
as regards an obscure life which emanates from the cerebellum 
and the underlying medulla spinalis and which is like to our life 
during sleep and in the mothe/s womb, nor is it much unlike 
death; for they no longer retain anything of themselves or their 
proprial own, — which is thought or inmost sensation, and will, 
which is the beginning of action. But since the cerebellum 
does not succumb, there still remains the pulsation of the heart 
and arteries, which is stronger than ordinary; and likewise the 
respiration of the lungs, loud and stertorous as in deep sleep. 
For the cerebellum with the medulla spinalis claim for them- 
selves the empire of the heart and also of the lungs, since the 
fibres of the pericardium and of the cardiac muscle itself, and 
also the fibres of the pulmonary plexuses and likewise of the 
intercostal muscles, belong equally to the cerebellum and the 
medulla spinalis; for they belong to the intercostal nerve and 
to the eighth pair of the head, and also to the dorsal nerves. 

407. All causes which render the cortex of the cerebrum 
impotent of action, that is, of animation or respiration, produce 
principally apoplexy of the whole body, that is to say, of the 
sensory and motory organs, inasmuch as these are voluntary. 
The faculty of animation is the very life of the cerebrum; for 
by means of animation the cerebrum receives sensations and 
carries out motions; and indeed by means of the animal spirits 
which course through the middle of the cortical glands and 
through the medullary and nerve fibres. For when the cere-- 
brum quiesces, the animal spirit, which is the purer blood, is 
no better able to run through the fibres than the blood is able 
to run through the arteries when the heart quiesces. 

408. These causes are many. The primary cause is obstruc- 
tion in the trunk of the internal carotid before it is divided into 
branches, — and this whether the obstruction happen outside 
the cranium, or in the passage through the bony foramen,* or 
anterior or posterior to the swelling formed by the carotid in 



*The carotid cand of the temporal bone. 
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the receptacvla cavernosa,* If the carotid is obstructed in its 
further course, that is, in its branches, there arises, not general 
apoplexy but only apoplexy of one half of the cerebrum, or of 
a single part in one hemisphere. Respecting these species of 
apoplexy see below, 

409. But the causes of the obstruction are many; to tvit: 
an abundance of glutinous, viscid, gross, cold, inert blood 
which stagnates at the entrance; the connate or acquired pres- 
ence, in these arteries, of tumors, scirrht^s growths,^ abscesses, 
fatty tumors,t and many other obstructions which stop up the 
artery from within or compress it from without. The carotid 
artery is proper to the cerebrum, while the vertebral artery is 
proper to the cerebellum and likewise to the medulla ob- 
longata, and in part, to the medulla spinalis. When the x^erte- 
bral arteries remain entire, the cerebellum and the said me- 
dullas enjoy their ministering blood and carry on their anima^ 
tions even when the cerebrum is quiescent or as it were absent. 
But of these arteries, only a very little part ministers to the 
cerebrum, in order that it may derive some feeble life, but not 
sensitive and voluntary; for the vertebral artery so communi- 
cates with the carotid artery that the one inflows into a branch 
of the other and lives from the blood of the other, 

410. Although this is the primary cause of apoplexy stiU 
there are other causes which affect the cortical cerebrum in like 
•manner, and they are several in number; but they all look to 
that primary cause as the cause proper. For the cerebrum, by 
the force of its animation, attracts blood from the cavity of 
the carotid,% but the heart does not intrude it upon the cere- 
brum. Hence, whatever inhibits animations in the cerebrum, 
this also inhibits the drawing up of blood from the carotid 
artery and from the vertebral. 



'*The lateral grooves of the sella tSteatomata, sing, sttatoma, 

turcica. from a Greek word meaning tal- 

^Scirrht,'-'A scirrhus, from a low, fat 

Greek word meaning to harden, §f. e,, the swelling referred to in 

is a hard tumor which in the be- n. 408. For anatomical authority 

ginning is without pain but is apt as to this swelling sei& 2 E, A. K, 

to degenerate into cancer. 18, 63. 
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411. Siich as viscid serosity, sluggish phlegm, and also 
extravasated blood which, collected within the pia mater and 
between the larger windings and lesser folds, and poured 
around the cortical glands, deprives them of all power of 
acting, of unfolding and constricting, that is, of animating. 
Such a condition arises from an immoderate secretion of 
malignant blood, from inflammation, and from impeded dis* 
charge; and these again from their causes which are stUl 
more remote and which yet are the sole causes to be rem^ 
edied. The paths of discharge are many in number, as for 
instance, through the veins into the larger sinuses, through 
the cribriform plate into the ccmties of the nostrils, and inio 
the nerves as respects their fascicles; and these paths are 
closed more strictly and the phlegm of the cerebrum in- 
creases more largely when, in addition, the paths for the gen^ 
eral excretions are not open, as [for the feces and urine\ 
through the bowels and bladder, for the saliva through the 
cavity of the mouth, for the menstrual flow. When these 
paths are closed the cerebral cortex is inundated and also the 
cerebral medulla; and then, by reason of these two inunda- 
tions, if the flow is tenacious and sluggish, the animatory 
force is stopped and thus the afflux of arterial blood; and 
consequently the sensory and motory force of the cerebrum; 
whence arises apoplexy. 

412. Moreover, a viscous and copious flow between the 
dura and pia mater produces a similar effect. For the inter^ 
cepted humor so compresses the arachnoid tunic and its sub- 
jacent pia meninx together with the arteries and veins lying 
between them, that the cortical substance can by no means be 
elevated, that is, can by no means engage in its alternations of 
animation. 

413. A similar effect also results to the cortical substances 
of the cerebrum if the three cerebral ventricles, to wit, the 
two larger or anterior and the one intermediate which is 
called the third, are fllled with so great an abundance of 
serum that the cerebrum is unable to determine or pour out 
the forces of its animation towards interiors. When the 
cerebrum is expanding and constricting it unfolds itself either 



278 DISEASES OF THE FIBRE, 

outwards or inwards, that is, it tumesces or detumesces, — for 
there is room in both directions; for which end also are the 
ventricles and the space between the meninges. If there is 
no opportunity of tumescing or unfolding outwards, and 
if at the same time there is no opportunity of "detumescing or 
folding inwards, the whole faculty of animation, that is, of 
sensation and voluntary action is entirely taken away from 
the cerebrum. 

414. It is also a cause of apoplexy if the dura mater so 
thicken and flow with humor and become flaccid as to lose all 
its faculty of elasticity and reaction; or if this mater become 
indurated; and also if, being loosened from its connections 
with the cranium, its whole weight rest on the pia meninx and 
thus on the cortical cerebrum, — of which effects there are 
many causes. For the dura mater is like a spring or cord 
which reacts to the extent that the cerebrum acts. When the 
cortical cerebrum swells out in tumescence it will not again 
subside, if there be nothing present of a reactive nature, but 
remains in a state of inaction, and consequently in the priva- 
tion of sensation and voluntary action. Thus it neither takes 
up the arterial blood from the carotids nor drives the up taken 
blood into its own veins and sinuses. Neither do the sinuses 
themselves receive the blood; for they belong to the dura 
mater and are contained in its duplicature; nor are they act- 
uated into alternations except by the motion of the cerebrum. 

415. Meanwhile, the province of the cerebrum, although 
coterminus with the province of the cerebellum is so separ- 
ated therefrom by septa formed from the dura mater and 
attached to the cranium, that the cerebrum performs its own 
offices in a distinct manner, and in a distinct manner the cere- 
bellum; nor do they concur except in guarding the safety of 
the whole corporeal system. The cerebrum enjoys its own 
arteries, that is, the internal carotids, its own ventricles which 
are three in number, its own medulla, its own cortex, its own 
pia and dura mater, and its own sinus which is the longitudinal; 
the cerebellum also enjoys its own arteries, that is, the vertebral, 
its own medulla, its own cortex, its own pia and duara mater, 
its own ventricle which is hollowed out in the stem of the 
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medulla oblongata, and also its own sinuses. Thus the ac- 
tion of the cerebrum may be stopped while the action of the 
cerebellum still goes on. And therefore apoplexy is an af- 
fection of the cerebrum; as soon as it becomes of the cere- 
bellum also, it is at once deadly or death. Thus a malignant and 
hostile humor collected between the meninges and windings 
of the cerebrum and in its cortex, medulla and Ventricles, 'does 
not invade the cerebellum; nor does it break out in the direc- 
tion of the medulla spinalis unless the bars have been broken 
down; and so neither can it stop above or around the cere- 
bellum since the path of exit opens through the foramen 
magnum of the occiput into the vertebral sheath at its pos- 
terior portion, 

HEMIPLEXY. 

416. Hemiplexy or hemiplegia is a similar privation of 
animation, consequently of sensation and voluntary determines 
tion, of one half of the cerebrum, or of one of its hemispheres. 
The motion of the cerebrum should be conceived of accord- 
ing to the partitions of its cortical substances as being both 
general and special and also particular, consequently as being 
variously subdivided. For the cerebrum is partitioned into 
its hemispheres, these into their lobes, these into their ser- 
pentine tracts, these into their beds, these into their clus^ 
ters, and these into their spherules which are again parti- 
tioned into lesser spherules and least. Hence also it is gifted 
with the faculty and capability of expansion in general, m 
special and in particular; for the whole can be unfolded, or a 
single lobe or a portion of the cortical substance. Wherefore, 
if one half or one hemisphere, or if one lobe, should become 
torpid from some grave obstruction, the other hemisphere or 
the other lobe might be actuated into alternate motions; and 
if this can be so actuated then also can one or other of the 
serpentine tumuli, 

417. Thus if the carotid artery in the larger branch which 
leads to one hemisphere be obstructed with an abundance of 
glutinous, viscid, gross, cold, inert blood; or be stopped up 
by fatty tumors, polypi or excrescences; or be compressed from 
without; or if viscosity beset the cortical gland round about; 
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or the pituitous serum around the fibres or collections of 
fibres in the medullary substance grow sluggish in the wind' 
ings, conglutinate the folds, stop up one of the lateral ven- 
tricles, be collected between the meninges on one side of the 
longitudinal sinus; or if the dura mater, being too flaccid, 
should be remitted, or, being indurated should grow rigid,-^ 
then action is destroyed in the one hemisphere, whence arises 
hemiplegia. 

PARAPOPLEXY. 

418. Parapoplexy, on the other hand, arises when one or 
other of the divisions of the cortical substances is infested 
with these same ills. But in parapoplexy a still greater num- 
ber of causes may concur; that is to say, besides the fluid glue 
collected in some place under the dura mater, the adherence 
of the latter to the cranium or its loosening therefrom, and 
the cohesion of one of the windings or sulci, there is, in ad- 
dition, the possibility that by means of a like viscid humor 
the beginnings of the nerves may cohere together in their 
exit from the cranium and, after their exit, in the body, thai 
is to say, between the fascicles. Hence arise tumors, sinuses 
and hollows, even in the ganglia and also in the muscles, 
namely, in their fibrous offshoots. A similar effect results 
from the compression, ligation, lesion, erosion, or amputation 
of the nerves. 

PARAPLEXY. 

419. Paraplexy or paraplegia derives its originating 
cause, not from the cerebrum, but from the medulla spinalis. 
For the whole body below the neck, or all the muscles what- 
soever that are approached by the spinal nerves, are seised 
with apoplexy while the senses of the head remain entire, and 
^0 the free power of acting into their muscles. This dis- 
ease arises from similar causes in the medulla spinalis as those 
mentioned above as existing in the cerebrum, with the de- 
ference that results from the difference between the fabric of 
the medulla and that of the cerebrum. 

420. Meanwhile, since the connection between the medulla 
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spinalis and the cerebellum in man is such that the one can 
hardly be moved without the other; and since the spinal nerves 
from the 'dorsal region flow into the muscles that serve the res- 
piration, and the intercostal nerve into the heart, vena cava and 
aorta, — which nerve is indeed sent off by the cerebellum but 
pcuses through the spine, — hence it cannot but come to pass 
that this species of apoplexy, if it degenerate into apoplexy 
soon becomes mortal; but meanwhile the heart and likewise 
also the lungs live for a short time by means of the eighth 
nerve of the head.* 

CHAPTER VII. 

SLEEP, CARUS, LETHARGY, CATAPHORA, COMA FEBRILE, 

COMA VIGIL. 

421. Sleep occurs when the cerebrum relapses into its nat- 
ural state, such as it had maintained in the mother^s womb, 
and rests from the emotions and affections of its animus; 
then, together with the cerebrum, collapse also its windings 
and sulci, and the spaces between the cortical spherules and 
medullary fibres. This is indicated by the tranquillity and in- 
nocence apparent in the face, and at the same time by the 
respiration of the lungs as being more regular, slow and deep, 
and not subject to the arbitrament of the will. Meanwhile, 
when the cerebrum quiesces the cerebellum moves and ani- 
mates. Thus at night or in sleep the cerebrum relinquishes 
the reins and delivers them up to the cerebellum; and the lat- 
ter, left to its own law, by means of its fibres and those of the 
medulla spinalis then actuates the pulmonary machine, and 
also the cardiac, into their alternate reciprocations; at the 
same time it actuates the muscles of the body, and when it 
Hows into all these there results a complete equilibrium of the 
whole. From the cause of sleep and wakefulness and from 
other connected phenomena, we learn by diligent anatomical 
study : that the cerebrum, by means of the medulla oblongata 
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and medulla spinalis flows into all those muscles that are 
moved voluntarily; likewise also the cerebellum by means of 
its fibres; so that the fibres of the cerebrum, cerebellum and 
medulla spinalis proceed conjointly in one nerve, and pru- 
dently unite in the muscles themselves; but that the cerebel- 
lum acts into still other muscles, and indeed in such way that 
while it actuates one muscle it at the same time actuates an- 
other, even when the two are antagonistic; and because in 
this way one muscle cannot be excited against another, as is 
usually done by the cerebrum, there arises an equilibration of 
all the muscles. Hence comes cUtemate rest and unrest, that 
is to say, the cerebrum sleeps while the cerebellum is awake 
and vice versa. It would be certain death if both should sleep, 
and uncertain life if both should rule equally at the same time. 
422. In sleep, whatever voluntarily excites the muscles and 
disposes the organs of the Senses so that they distinctly re- 
ceive and carry down the modes whereby they are of- 
fected, lies flat and prone. Thus sleep is the temporary death 
of voluntary actions and of sensations. Consequently sleep 
is an affection of the cerebrum alone, which is both the com- 
mon sensory and the common voluntary motory. But as to 
how the cerebrum is affected, this must be learned from the 
minute anatomy of all its parts, as of its substances, meninges, 
members, and of its connection with the cerebellum and with 
the subjacent medullas. The cerebrum is divided into hernia 
spheres, [these] into convolutions like those of the intestines, 
and these into their convolutions most exactly discrimi- 
nated by furrows and ridges. One fold, commissure and 
duplicature passes subdivided into another, scarcely other than 
as the great artery ramified into its lesser and least arteries. 
When all the partitions and ramifications of the cortical cere- 
brum yawn open distinct and rightly discriminated, that is to 
say, when the cortical cerebrum is so expanded and erect that 
there is an open passage from one furrow or fold into on- 
other, then the state is that of its wakefulness, attention and 
intentness. But when the cortical cerebrum is coUapsed, that 
is to say, when one congeries of the cortical substance %s in- 
cumbent upon another and the discriminations are almost oh- 
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literated, then the cerebrum is in the state of its sleep, obscur- 
ity, insensibility, and indeterminability, that is, in impotence 
to will action and to ^ensate. For to will is to determine 
into act what has been concluded, there being added the desire 
for some end in the mind, or the cupidity for something 
present in the animus. But sensation in the cerebrum is the 
perception of images and modes which How into the mind from 
below, from the external senses and from the memory. The 
cerebrum cannot determine into act that which it wUls and 
strives after, unless it perceives what is to be striven after; 
for according to the nature of the perception of sensations 
such also is the nature of the will of action, and vice versa. 

For PERCEPTION^ THOUGHT, JUDGMENT, CONCLUSION, WILL> 

and DETERMINATION INTO ACT are in one series, first succeS" 
sive and then simultaneous. If the first in the series is in- 
tercepted, the last also perishes, for this depends on the first 
through the mediates. So also if the last perishes, progression 
from the first is at once stopped, and thus the existence of the 
first in act. 

423, Therefore if we now demonstrate that the state of 
the cerebrum in sleep is such that it cannot perceive, or that 
it cannot determine into act the desires of its will, it amounts 
to the same thing. That the cerebrum may be able to deter- 
mine into act what it wills or desires, it is necessary that it 
be in a condition to separately move its individual cortical sub- 
stances or their congeries which are distinct or separate from 
each other and which excite corresponding muscles in the 
body. If the cerebrum collapses and by the collapse obliter- 
ates its distinctions, then, assuredly, the cerebrum cannot rule 
over any muscle in partictdar but only over all in general. 
Impotence tp effect single individual motions or determina- 
tions is what is called sleep. In order therefore that the cere- 
brum may go to sleep it is necessary that it close up and col- 
lapse and thus, as regards its single individuals, extinguish its 
power to act. 

424. Bu4 it is in every way important to know the nature of 
the state of the erect or expanded cerebrum, that is, the state 
of wakefulness. Every emotion or affection of the animus 
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elevates, erects, unfolds, that is, wakens up, the cerebrum. 
Gladness, exhilaration, nay, ambition and any like heat, es^ 
ponds the cerebrum in every direction to the utmost comers 
of its cranium; for the fact that the cerebrum then tumesces is 
apparent from indications and from the very sensation. On 
the other hand, sadness, humility, the privation of hope dr- 
sired, constricts the cerebrum not unlike as anxiety constricts 
the breast and pain the nerves. Anger and fury and like jp»- 
sanities pour out the cerebrum in divers forms and confuse 
it with a copious unchosen and malignant blood. It is of* 
fected in other ways by other emotions of the animus such as 
revenge, envy, fear, foolishness, love, — of all which we shaU 
speak in their own places. That the general states of the cere^ 
brum are so numerous, we see exhibited to the life in each 
person's countenance which is an index of the mind (animus) ; 
but especially do we see it from the state of the respiration 
of the lungs which is wholly synchronous or coincident with 
the animation of the cerebrum. For the respiration of the 
lungs is sometimes constricted, sometimes exalted, sometimes 
variously conHned or expanded, to wit, is strong, weak, rapid, 
slow, tacit, or gentle, in every way like as the cerebrum car* 
ries on its animations; in like manner the lungs apply and ac^ 
commodate themselves to all the nods of the will of the cere* 
brum, or to its several animations, for the moving of the mus* 
cles or the production of actions. These are the general states 
of the cerebrum from which it rests, or from which it relaxes 
into its natural state when it begins to fall asleep. 

425. The cerebrum relapses into this its state when, after 
the obliteration of its distinctions, the cortical substances close 
up or collapse; for thus perishes the distinct and diverse 
elevation or animation of the individual congeries of that 
substance, and in place thereof succeeds a general animation, 
or an animation of all the parts of the whole cerebrum, — on 
animation that is undiscriminated, one, or simultaneous. 

426. As is the animation of the cerebrum such is its life. 
Individual animation, or animation of the single individud 
parts under the general, gives a distinct life, that is to say, a 
life potent for sensating, willing and determining the sevend 
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things into act; for, as was said above, each single cortical 
protuberance corresponds to its own muscle in the body, which 
muscle the cerebrum excites by the individual elevation or ani- 
mation of its cortical substance. General animation on the other 
hand gives a general, undivided and obscure life like that of 
the sleeping cerebrum and also like that of the wakeful cere^ 
bellum. Therefore whatever deprives the cerebrum of this 
power of animation, also deprives the cerebrum of the faculty 
of sensation and volition. 

427. In the state of sleep, moreover, the red blood is re- 
strained from approaching too near to the individual cortical 
substances, and is detained at a distance from them according 
to the degree of the slumber; for it is aninuition that draws 
the blood from the arteries and invites it towards the cortex; 
and therefore as is the animation such is the afflux, distribu- 
tion and circulation of the blood in the cerebrum. Thus in 
sleep the blood brushes the outmost surface of the pia meninx, 
nor does it penetrate into the interiors of the cerebrum except 
by the more open paths, through which also pass the trunks; 
for it cannot penetrate towards the substance of the cortex 
through the winding folds and commissures, since these are 
constricted and collapsed. 

428. From these considerations it is apparent what are the 
causes of sleep; every cause, namely, that inhibits and ex^ 
tinguishes the individual animations of the cerebrum and that 
restrains the blood from the cortex; for the cerebrum then col" 
lapses of itself and begins to fall asleep. The causes of sleep 
therefore are silence, ease, profound peace of mind, restful" 
ness of the animus, lassitude, Venus, a soothing influence 
(spiritus), pleasant harmony; somewhat sluggish blood, a de^ 
feet or large emission of blood, external compression of the 
cortical cerebrum, internal obstruction; these latter however 
are the causes of morbid sleep. 

429. But among the primary causes of natural sleep must 
be placed the very necessity of the kingdom, that is to say, 
the necessity of restoring during the night what has collapsed, 
that is, has been destroyed or disturbed, in the daytime. For 
what the wUl destroys, this nature repairs; or, what wakeful" 
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ness disturbs, this sleep recomposes; or, what the cerebrum 
confounds, this the cerebellum renders distinct, and what the 
cerebrum constricts, this the cerebellum relaxes; and also vice 
versa. Thus unless the one acts and the other suffers alter- 
nately, that is, without sleep, the animal machine would not 
long cohere. Necessity itself notes, admonishes and as it 
were solicits, that the cerebrum, distracted and oppressed with 
weariness, should relax, and that the cerebellum, having 
taken its rest, should now rise unwearied and exert itself. 
And when the circulation of spirits, blood and humors, the 
economy and the universal state of the corporeal life, and es- 
pecially of the cerebrum, has been restored, then the cerebellum 
abdicates its empire and restores it to the cerebrum, or, the 
cerebrum, become awake, spontaneously resumes it. From 
this it follows that among the causes of sleep is also anything 
that strongly excites the cerebellum. That the cerebellum 
when left to its own law of action, that is, when the cerebrum 
is quiescent, animates more constantly, evenly, strongly and 
gently, in the degree that it animates more deeply, is a matter 
which we shall learn from the anatomy of the brain.* 

430. From the above considerations it is apparent: Why 
infants sleep more than adults, and the aged with greater dif- 
ficulty. Why from too much sleep comes somnolence, dull- 
ness, stupor, weakness of memory, obesity, inaptitwie for 
motion; that is to say, a more difficult erection of the cerebrum 
and unfolding of its convolutions. Why, when we are roused, 
we stretch the limbs, unfold the muscles, desire to sleep. 
Why the grosser kinds of nutriment have a soporific effect. 
Why, when we are heavy with sleep, the muscles gradually 
waver, first the eyelids and eyes, then the face and neck, then 
the arms and finally the feet; for the operation begins in the 
vertex of the cerebrum and descends by degrees. 

481. But to resume. Each cortical gland, which is a little 
internal sensory, a little cerebrum in least type, and a symbol 
of our rational mind, sometimes continues, unchanged in 
sleep, in its own general state, which is a particular state 
relatively to the general state of all the glands, or of the whole 
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cerebrum; for the state of the single individuals or parts, 
and the permanence thereof does not impede a change of the 
general state of the compound, as is well known in physics. 
G>nfer Transaction I, n. 287. Just cts all affections of the 
animus change the general state of the cerebrum ami induce 
upon it a form suitable and accommodated to their own modes 
of action, or to their own nature, so all the desires of the 
mind, which have regard to some end, are so many causes 
that, in like manner, change the state of each cortical sub- 
stance of the cerebrum and induce upon each in particular a 
suitable form. If these states continue or are changed in 
sleep the result is the excitation of dreams, visions, phan- 
tasms, divers appearances, — all which are so many representee 
true images in the mind from the soul according to the state 
of the cortical substances and according to the ratio of influx 
into the general state of the cerebrum where are matters of 
the memory and images. 

432. Reducing now the scattered causes of sleep, both 
natural and unnatural, to a unit, they are: I. Those that 
take away the individual animations of the cortical substances 
of the cerebrum and reduce them to one general indiscrimi^ 
nate animation. II. Those that detain and restrain the ar- 
terial blood from the cortex of the cerebrum. III. And, 
more particularly, those that fatigue the cerebrum and ren- 
der it inert for action, while making the cerebellum active and 
alive. IV. The effect is, that the cortical cerebrum which is 
the common sensory and voluntary motory. begins to collapse 
and, by mutual application, to cohere cls though not divided 
and distinct; consequently that the corresponding muscles in 
the body are not excited by any particular and indiTndual 
force but all are excited simultaneously by a certain general 
force. 

CARUS. 

433. Carus is an unnatural sleep of the deepest kind; those 
seized with it are as though living dead men, and even when 
roused up, after opening their eyes they at once sink back. 

434. From the symptomatic signs it is apparent that the 
cause of this morbid sleep is the too dry, heated, and conse- 
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quently hard nature of the red blood so that the globules or 
clots stick indissoluble in the smallest vessels. When the ves* 
sets are thus obstructed the cerebral cortical substance which 
is the common sensory and motory is 'deprived of its spirits and 
of the faculty of individual action. Therefore this hecmness 
of sleep is for the most part accompanied with fever. 

436. Add to this, that from blood thus dry, hot, fever^ 
ish, and inept of solution, scarcely any humor is secreted eS" 
cept what is useless, accompanied with the smallest amount of 
spirit, — a humor whereby are stopped up the interstices be- 
tween the cortical glands, between the fibres in the cerebrd 
medulla and between the fascicles in the nerves, and whereon 
no arachnoid fluid is sprinkled. Hence comes sluggishness and 
torpidity extending from principles even to the universal 
nervous system. This therefore is a secondary cause of cams 
which yet acknowledges its first cause as lying in the nature 
of the blood. 

436. From this it is clear that carus is not a species of 
apoplexy; for there is no compression of the cerebrum, either 
external or internal; that is to say, no clogging or inundation 
from a superfluity of pituitary humor in the convolutions, the 
medullary substance, the ventricles, or between the men^ 
inges. Neither is there any flaccidity or excessive rigidity of 
the 'dura mater. Hence there is no taking away of the com- 
mon animation in the cerebrum, — (w is noted from the res- 
piration of the lungs. In apoplexy the respiration is exceed- 
ingly heavy (with the wings of the nostrils compressed) and 
struggling; thus it belongs to the cerebellum alone without 
the aid of the cerebrum in general. It is otherwise in carus 
where the respiration of the lungs goes on in a natural way 
and where the cerebrum itself is found to be uninjured. 

LETHARGY. 

437. Lethargy or lethargia, called by others veternus,* 
is a species of unnatural sleep of a lighter character than 
carus. Those oppressed with this disease can be roused by 

*A Latin word meaning ''old "somnolence^ as belonging to old 
age," and hence "lethargy" or age. 
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divers means, especially by such as excite and stimulate the 
animus and external senses, and thus restore the blood to its 
health. 

488. From indications it is noted that the cause of this 
disease is an abundance of serum in the blood, consequently 
a cold and sluggish nature of the blood and thus its not being 
easily introducible into the tiny arterioles of the cerebrum; for 
this is prevented by the copious serosity which ww^ first b^ 
expelled. Hence the cause of this disectse is obstruction from 
ccMses of cold, that is to say, from causes contrary to those 
obtaining in carus. For the cortical substance requires an 
abundance of resolved blood, since from this, its glands elicit 
their spirits which they transmit into the fibres and also, in 
part, between the fibres. Still there remains a general anima- 
tion, to wit, of the lower part of the cerebrum, the corpora 
striata, medulla oblongata and medulla spinalis. This is 
known from the state of the respiration of the lungs; for the 
easier the respiration the more friendly is the concordance 
therewith of the general animation of the cerebrum. 

489. A secondary cause of lethargy Hows from a serum, 
also unvivified by spirits, secreted between the windings and 
folds and at the same time between the arachnoid tunic and the 
pia meninx. When the lesser folds and the little cortical spaces- 
are anointed by this serum, they hardly suffer themselves to be- 
elevated, but become torpid as from a certain cold. Thusi 
neither is lethargy a species of apoplexy, but it approaches: 
rather to the nature of hydrocephalus. 

CATAPHORA AND COMA. 

440. Cataphora and coma^ in Swedish dvala, is called 
also coma vigil and coma somnolentum when the patient is 
neither asleep nor awake. Sometimes the patients lift up 
their eyes, sleepily answer what is said to them, and then sink 
back into their rest. There is dull thought without any desire 
or any emotion of the animus. 

441. When such coma is a disease it is a species of carus; 
for it arises from a thickened blood which is denied passage 
through the smallest arterioles, though passage through the 

19 
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larger ones still remains. It arises also from a viscous ejr- 
cretion of the blood, — an excretion sparsely irrigated by the 
lymph of the arachnoid. Besmeared with this excretion, the 
folds between the cortical congeries stick, so that they can 
hardly be elevated except by reason of a cause powerfully 
stimulating the senses the atUmtis and the mind, or by reason 
of some other cause which dilutes the blood and breaks up the 
slight glutinosity. 

442. // it arises from heat or fever of the blood it is 
called COMA FEBiaLE ; or it also heralds fever; and is a species 
of carus. But if it arises from cold of the blood it is a species 
of lethargy. 

448. There is also a non^-morbid coma vigil, as when, after 
waking in the early morning, we are still as it were asleep 
as to the external senses and our mind reflects upon the quiet 
rest of its members and the delights of sleep. Such a state 
sometimes appears to be quite delightful; but we become fully 
roused up as soon as some emotion invades the animus or some 
delight the mind. For the smaller complicatures of the 
cerebrum, collapsed in sleep, are not yet well separated but lie 
joined together, though readily separable. And if we may be 
allowed to speak from interior anatomy the vertex of the 
cerebrum, which is the first to collapse and the first to be 
erected, seems to be raised from sleep while its inferior lobes 
stretched out over the cerebellum still lie as it were in slum- 
ber. On this account the respiration of the lungs is then nat- 
ural and not yet mingled with the voluntary. 

444. From these considerations, the cause of somnolence, 
from overly protracted or long continued sleep becomes evi- 
dent; likewise the cause of the dullness arising therefrom. 
For the highly delicate commissures of the cortical clusters 
coalesce more strictly, and in the time of sleep are so congtutin- 
ated with a fatty juice, that they hardly suffer themselves td 
be separated from each other; and the tiny arterioles leading 
through these commissures into the cortex, and which have 
been compressed, hardly suffer themselves to be expanded. 
Thus with the distinction of the cortical substances, which are 
so many little sensories, perishes also the distinction of the in- 
ternal corporeal life itself. 
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WAKEFULNESS. 

445. Wakefulness or lack of sleep is for the most part 
a concomitant atpd herald of fever; it is therefore called fe- 
brile WAKEFULNESS. By reason of much wakefulness more- 
over, the circulations of the spirits, blood and other humors 
through their fibres, vessels and 'ducts, in their glands, mus- 
cles and viscera, both of the head and of the body, are con- 
tinually interrupted, and some even cease; nor do they carry 
on their natural courses. Hence comes cacochymia* heat and 
hardness of the blood and thus many threatening ills. 

446. The causes of unnatural wakefulness are the opposite 
of the causes of carus and lethargy, being, to wit, those that in- 
hibit the cerebrum from weighing on itself and collapsing. 
Such causes are all burning affections of the animus, that 
is to say, all those sicknesses that maintain the cerebrum in 
an expanded, light and subdivided condition; for instance, 
as is obvious to everyone, gladness, anger, anxiety, care. The 
same effect is also produced by desires of the mind if they 
are conjoined with cupidities of the animus; adxi to this, 
unduly fluid blood which flies to become present at the least 
nods of its mind; and therefore also plethora; moreover, 
excessive fullness of the bloodvessels and also of the wind- 
ings and little folds; evacuation from which, is denied in the 
cerebrum as a result of the denial of evac%iation in the body, 
for instance, through the pores of the cuticle for the sweat 
and effluvia, also through the bladder, bowels, etc. 

447. Cctses of wakefulness and insomnia frequently oc- 
cur in fevers, because in fevers some clotting of a crude and 
parched blood sticks in the arterioles. In fever, moreover, 
heat, and also cu:ridity, angularity and inequality in the' red 
bloffd and in the purer blood, and also in the serum and lymphs, 
both in the vessels and fibres and also outside the vessels and 
fibres, perpetually stimulate, rub, inflame and excite the ani- 



*Cacochymy or cacochymia, body. It is defined by Blancart 

from two Greek words signifying as "An abundance of vitious 

"evil" or "depraved/* and "liquid" humors in the blood, namely, a 

or "humor/' is, in general, a de- degeneration of the blood, serum 

pravation of the humors of the or lymph/* 
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mus of the cerebrum; thus there is no peace and rest in the 
internal sensorium. For these conditions medicine is pre- 
pared from such things as mend the blood; also from nar- 
cotics, from PAREGORICS which are mild soporifics, from 
anodynes, etc* 



♦In illustration of the doctrine 
laid down by Swedenborg in the 
above chapter as to the nature of 
sleep, the following case will be 
of iterest; it was originally given 
by Dr. Pierquin, who included it in 
a paper published in the Journal 
des Progris, The case was trans- 
lated and published in the Lon^ 
don Lancet (vol. II, 1829-30) 
from which it was reprinted in 
the Intellectual Repository (vol- 
ume IX, 1848, p. 303) immediately 
following a translation of The 
Fibre, nos. 421-432. We quote 
from the Intellectual Repository: 

"Rose , aged 26 years, of 

a lymphatic temperament, feeble 
constitution, small stature, with 
blue eyes and light hair, was a 
servant in Romans in the Depart- 
ment of Di6me in France, and was 
admitted an in-patient of the Gen- 
eral Hospital at Montpelier in 
1821, suffering from caries of the 
cranium with ulceration of the 
membrane which lines the inside 
of the skull, called the dura mater, 
allowing the brain to protrude 
through the opening like a fungus. 

"During quiet sleep the swell- 
ing of the brain subsided so much 
that the organ semed to repose it- 
self, at which time the pulpy swell- 
ing of the cerebrum withdrew en- 
tirely from the lips of the wound. 
During dreaming the cerebral 
swelling protruded. After she 
woke the protrusion regained its 



usual size. Often at the dressing 
hour the patient was not yet 
awake and it became necessary 
to arouse her from ordinary, long 
and sound sleep. The difficulty 
attending the passage from this 
cerebral inertia to activity was 
marked by such a state of orgasm 
that it became necessary at each 
dressing to take off a considerable 
portion of the pulp of the brain; 
an operation always unattended 
with pain, and unperceived by the 
patient who seemed to suffer no 
inconvenience from it The pa- 
tient was often subjected to 
the following experiment : — Whibt 
placed on her seat during the 
dressing we entered into conver- 
sation on some topic that might 
fix her attention. The moment 
she became engaged, the oscilla- 
tory movements of the brain be- 
came at once more rapid and 
strcmger; pressure was applied 
upon the brain as strongly as pos- 
sible, and in an instant die pa- 
tient lost the use of all her senses, 
could no longer form an idea, 
ceased to speak, terminating the 
conversation in the middle of a 
word which she finished when we 
removed the compression and she 
then completed the phrase. These 
experiments were not only unat- 
tended with the slifi^test pain, but 
were unknown to the patient who 
never perceived the in ter r upti on 
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Chapter VIII. 



CATALEPSY. 

448. Catalepsy^ Catoche or Catochus* is a disease, in 
which, wonderful to relate, the person seised, becoming sud- 
denly immovable like an image, remains rigid as a rock in 
the state which he had when he fell. On this account some 
of the ancients styled it Congelation. The patient remains 
in the same condition, not only in external state as to limbsf 
and muscles, but also as to internal state, namely, as to animus 
and mind, being held Hxed in the ideas which he had conceived 
before the disease; and he is the less turned aside by any ob- 
ject, in that he is dead to the external senses. There remains 
however a weak pulse and a slight respiration of the lungs. 

448. Everyone acknowledges that the proximate cause of 
such disease is the sudden quiescence of the common sensory 
and the voluntary motory; and at the same time that it is a 
disease of the cerebrum; for who doubts but that the cerebrum 
is that common sensory and motory? But if one enquires 
further he will confess that it is the cortical and cineritious 
substance of the cerebrum that becomes thus rigidly quies- 
cent; for this substance is the beginning of the fibres and the 
end of the arteries, and to it, through the fibres, flow sensa- 
tions, and from it the determinations of the will into act. 
Consequently it must be this substance that becomes quies- 
cent in this disease; and if, when it is quiescent, there exists 
such immobility and insensibility, it follows that otherwise it 
is not quiescent, but that it moves, namely, in alternations, like 
the systole and diastole of the heart or like the breathing 



to her intellectual existence, which 
was occasioned at pleasure. 

"The number of pulsations in 
the eveninjf were 120 in a min- 
nte, during sleep 98 or 100 ; in the 
dreaming state the number varied 
according to the agreeable or dis- 
agreeable nature of the dreams.'' 

^Catalepsy, from a Greek root 



"to be seized," and Catochus 
(French Catoche), from a root 
meaning "to be held fast," arc two 
names for the same disease. 

tTorus, means literally "a 
swelling, protuberance," or "the 
fleshy or muscular part." In other 
places, it refers to the "beds" or 
"tori" of the cortical glands. 
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tungs. This its motion is called animation. Hence on the 
animation of the cerebrum depends the faculty of sensating 
in [the organs and of acting in the muscles. From this it iA 
clear that the causes of catalepsy, apoplexy, carus, epilepsy and 
all other diseases that iwuade and affect the cerebrum can never 
be understood, still less be explained, unless we know the 
nature of the cerebrum; whence comes its life, that is to say, 
from animation, or, from the alternate expansion and con^ 
sfriction of its cortical substance; and that this substance, 
taken concretely, is the common and voluntary sensory and 
motory of the body. 

460. In this way we easily arrive at the cause of catalepsy,"^ 
that is, at the cause of the immobility of the cortical cerebrun^, 
namely, that it lies in the denial to the blood of reflux from 
the arteries into the veins and into the sinuses; for thus 
animation, that is, the alternate expansion and constriction 
of the cortical substance, suddenly stops, and, by consequence, 
the circulation of the spirits from the cortex into the fibres 
and through the fibres. 

451. Reflux is denied to the arterial blood if the longiiudi^ 
nal sinus is suddenly obstructed; as for instance, in the place 
where it is joined by anastomosis to the lateral sinuses, when 
the passage into one only of these is open, or when the passage 
into one is narrower than that into the other. Thus made 
turgid, the sinus spews back the approaching blood of the 
cerebrum. In order that nature may meet these conditions, xfce 
has added in many subjects a smaller sinus, also called the 
longitudinal, underneath the ledger; and moreover, in some, 
she has constructed a communicating sinus between the tTVO 
lateral. 

452. Moreover, the superior longitudinal sinus is wont to 
collapse, and in this way also to refuse the blood of the cere^ 
brum, if by chance the ligating cords of its walls, called the 
cords of Willis, by reason of too great tension are deprived of 
their power of reaction. Hence it comes about that in the 



♦In the Latin text the word is error. See ch. ix, below, partica- 
Epilepsy, but this is clearly an larly n. 458. 
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bodies of subjects who haue died of catalepsy the arteries and 
veins appear turgid with a packing of thick cruor. 

468. The effect of this at once redounds on the cerebrum, 
namely, on its dura mater which is also distended and in- 
flamed by the cruor; in like manner on the pia mater; on 
the whole cortex, and also on the medulla which goes off from 
the cortex; on the corpora striata, on the thalami of the optic 
nerves, and on the medulla oblongata. Only a slight amount 
of humor is carried off through the fourth sinus or torcular 
Herophili, that humor, namely, which the cerebellum intro- 
duces into the common viscera, — for the cerebellum still vi- 
brates, though slightly, like the pulse of the heart and the 
respiration of the lungs. 

454. If an obstruction of the longitudinal sinus, or also of 
the fourth sinus, — for, in cataleptic subjects this also may 
occur, — be the cause why cruor sticks in the vessels of the 
cerebrum from which it cannot get back through the arteries, 
the question arises. What is the cause of the obstruction? We 
answer. Every cause that renders the blood dry, thickens it, 
coagulates, defiles with heterogenous mMer, fills with ramenta 
and fibres. Such causes are melancholy, excessive sadness, 
burning fever in plethoric subjects, quartan fever, retention 
of the accustomed evacuations, such as the menstrua and 
hemorrhoids; for of the blood thcit is drawn into the cerebrum, 
the beitter part is bestowed on the cortex and fibres, and the 
grosser, cruder and blacker is rejected into the sinuses, — which 
blood, at the threshold where it is poured into the jugular veins, 
is again vivified with spirit; also sudden terror which contracts 
the cerebrum and the cortical glands and banishes all the blood 
into the sinuses, which are venous receptacles, and from which 
it can effect no exit, since the other sinuses are also turgid 
tvith a like abundance, and the heart, timid and palpitant, is 
not able to admit and draw off the quantity that flows to it. 
Furthermore, inflammatory rigidity of the dura mater may also 
be the cause of the sinuses not intromitting the blood of the 
cerebrum; for the sinuses are situated in the duplicature of the 
dura mater, nor can they be expanded or constricted except 
by mediation of the mater; and with the sinuses remaining 
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immobile the veins and arteries become turgid, and impotency 
of acting suddenly occupies the cortex; hence catalepsy. From 
this it is clear that this disease is for the most part deadly, 
or that it is followed by atrophy, dementia, epilepsy, convul- 
sion. 

455. But it is a matter of import that we reduce the causes 
into order. The verimost cause is, that the cortex of the cere- 
brum is "unable to expand and constrict and thus to transmit 
its animal spirit into the fibres and through the fibres into the 
sensory and motory organs of the body, or into the muscles. 
On this account the several parts remain in the same state 
as that in which is the cortical cerebrum both in general and 
in its parts. The cause of the cortex being unable to expand 
and constrict is blood sticking immovable in the arteries and 
veins and in the innumerable receptacles situated within the 
medulla; and that the blood sticks thus immovable is due to 
the sinuses of the dura mater not receiving it; the cause of 
this is obstruction or excessive relaxation of the sinus; the 
cause of this again is dryness and crudity of the blood and 
inflammation of the dura mater; but the cause of this is in- 
temperance of life, while the cause of this is unrestrained last 
of the animus, and finally, the cause of this is too great iii- 
dulgence of the mind towards its animus, and the condescend 
sion of the soul. 

456. A kind of natural catalepsy, quite familiar to many 
persons, is frequently noticed wherein, as in a mirror, we can 
behold the nature of morbid catalepsy. For there are those 
who, intent on some profound meditation, suddenly halt their 
steps, stand transfixed and motionless in the same state of body, 
countenance and senses, and, thus distracted, see scarcely any- 
thing except through a shade, nor hear anything except a kind 
of murmur; for some time also they hold the very breath of 
the lungs and when they breathe they carry on the alternations 
tacitly and slightly. Meanwhile the mind is intently fixed on 
a single object of the thoughts, nor is it drawn away by any 
motion of the body, or by any image of the sight or alien 
idea of the memory, — just as in the case of pretematurcd cata- 
lepsy. [In both cases] there is a like effect, nor is the cause 
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unlike; for the cortex of the cerebrum, to which the under^ 
lying cerebellum is now obedient, is in deep rest and holds the 
blood at a distance from its little sinuosities and beds, nor, ex- 
cept sparingly, does it send it oft into the sinus of the fcdx, 
which latter also is only slightly elevated and compressed. 
From these considerations it is apparent that profound medi- 
tation untempered by any variety may also be a cause of cata- 
leptic disease, a fact moreover which is mentioned by many 
medical men as a matter of observation. 

Chapter IX. 

EPILEPSY. 

467. The epileptic is suddenly prostrated, with loss of the 
senses, b(^h external and internal, and interruption of the 
respiration; the body is tossed about with violent motions, and 
the ground is beaten with violent blows. Thus muscle rises 
against muscle, and the patient rages with paroxysms; so thai 
there is a kind of combat of the life present with death, like 
the combat of death with life usual in the last agony. 

4S8. Thdt the cause of so dire a disease lies in the cerebrum 
is a fact which, I suppose, no one calls into doubt; for the 
source whence springs the life of sensations and the life 
of actions, is also the source of the death of the same; 
and it is the cerebrum alone that holds stvay over the sensory 
organs and ihe motory organs. Therefore, from the effects is 
recognized what is the state of the efficient cause. From this 
ii follows that epilepsy is a furious tossing and conT/ulsion of 
the cerebrum, or an inordinate fluctuation, elevation and con- 
striction of its cortical substances, whose every idea cannot 
be represented by reason of the repugnances of the motions 
in the body. Oh, to how many changes is not the human cere- 
brum subject! and into what dangers does not that voluntary 
and intellectual precipitate us, which is properly our own and 
belongs to the cerebrum alone! Therefore, whatever stirs the 
cerebrum into convulsive motions of this kind, and exasper- 
ates it beyond the mode of its accustomed vibration and the 
symphony of its parts, that same is the cause of this disease. 
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469. The proximate causes are: [i] Contusions of the 
cranium or fractures of the spine, exfoliations or excrescences 
of the whole [cranium] which with their sharp points prick 
and pluck the cerebrum. [2] Partial rigidity and a varying in- 
Aammation, or also ulceration, of the dura mater; also the 
tearing away of this mater from its connections with the 
cranium, especially in the region of the bones surrounding the 
bregma* and of the coronal suture. ^[3] A collection of cor- 
rupt matter, pus, acrid and fetid ichor, sticking somewhere 
between the meninges, — but especially under the pia meninx 
and between the divisions of the cortex, that is, in the smaller 
windings and sulci, — and the consequent hollowed-out pits and 
worked-in recesses, wherein a mdignant humor either breaks 
in violently, or else dripping in little by little stagnates oM 
putresces, and thus distends those openings so frequently that 
it cannot be wormed out except with the convulsion of the 
whole cerebrum. [4] Likewise similar collections, pittings and 
abscesses in the medullary substance of the cerebrum, — in its 
superior, middle or inferior region, around or within the ven- 
tricles, — or in the medulla oblongata cmd its beginnings and 
crura;i moreover little pools and asylums of the blood are fre- 
quent everywhere in the medullary portion, which, when beset 
with a sluggish and corrupt humor, deeply include the very 
root of the evil; hence come dilatations, displacements and 
distortions of the parts, erosions, ulcers. These causes, how- 
ever, are the external causes belonging to the cerebrum, for 
they lie outside the cortex, being either above it in the integu- 
ments, or below it in the fibrous structure. .[5] But the in- 
ternal causes can be said to belong to the cortex itself, which, 
if it becomes schirrous, inflamed, indurated, putrescent, eroded 
or extinct, is then rendered impotent to break up or move for- 
ward the lymphs that are insinuated in the little folds; hence 



♦The bregma is a point on the it is the site of the anterior fon- 

top of the skull which marks the tanelle. 

anterior end of the longitudinal fThe thalami of the optic nerve 

suture where it meets the trans- and the corpora striata; see n. 104 

verse or coronal suture; in infants and note. 
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receptacles are fabricated for epileptic matter which by the 
delay resulting from stagnation will degenerate into purulent 
filth. 

460. The causes that make the cerebrum to be thus ulcer- 
ated, pitted, corroded, or thai bring these evils in and ingen- 
erate them, are innumerable. Contingent causes are frac- 
tures, contusions, luxations or perforations of the cranium. 
Natural or hereditary causes are unusual interstices and 
cavities in either substance of the cerebrum; the constriction 
or narrowing of the zvays leading to these interstices; the 
undue proportion of the cranium to the mass of the cerebrum 
itself; an ill distribution of the arteries; a radical vitiation of 
the blood. Accessory causes are malignant fevers, both hot 
and cold; undue temperature of the blood and its serum; ex- 
cessive excretions; concretions, and innumerable other circum- 
stances. Voluntary causes are discordant emotions, furies 
and tempests of the animus arising fronu insanity of the mind 
or from intemperance in the pleasures of the body. But the 
causes from which the above-mentioned evils exist are the 
same as those from which they subsist and by which they are 
excited. 

461. The causes thctt rouse into effect this evil ingenerated 
in the cerebrum, (for the disease once inrooted breaks out at 
intervals), are, as was said, similar to those that produced 
it, such as: In the bch>y, acrimony of the food eaten, 
corrosions and irritMons of the viscera; especially of the 
stomach and intestines, such cts are induced by worms; latent 
ulcers, imposthumes, abscesses, great and periodical pains; 
retention of the urine, lochia, menstrua, hemorrhoids; pestifer- 
ous exhalations and fumes infesting the blood and nervous 
juice; also the roots of several diseases, etc. In the cerebrum 
they are sicknesses of the animus, which are so many motions, 
disturbances, expansions, constrictions, contorsions of the 
whole cerebrum, and sudden alterations of its animations. 
In this way the offscourings hidden away in their hiding places, 
and the concealed seeds of the evil, are called out, whence arises 
collision, extrusion, intorsion; and thus the fibres and cortical 
glands, which are the most highly sensitive of all, are irritated. 
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Thus the disease breaks out, and, as when a troop has been 
raised to which the gate is opened, so it rushes on. 

462. When the evil aroused by reason of these causes 
breaks out, the universal cerebrum intensifies and assembles 
all its forces for the purpose of dispelling it. For a sharp 
point pricking any one part of the cerebrum makes the whole 
to contract, just as is the case with a nerve, a muscle, a mem- 
brane. For every single part, constricting itself for the pur- 
pose of bringing aid, exterminating the vitiation and escaping 
death, shuts up the exit, or else expands the narrow pathways, 
urges and exasperates the moving [Huid], and so, diffuses the 
convulsion; thus the whole cerebrum labors and seethes 
with vertigo. Especially, however, do the associate and neigh- 
boring parts act thus; and so all the fibres, and consequently 
the nerves and muscles that depend on the fibres. For the 
medullary fibres of the cerebrum flow together in various ways 
from the whole cortical circuit towards the centrum ovale, 
and again and again run together before separating. Hence 
the pricking of one fibrous congeries excites many muscles in 
the body into simultaneous paroxysms. By reason of a con- 
fused cerebral agitation of this kind the cerebellum also is 
deprived of all power of acting, which effect results as often 
as the cerebrum acts from itself; for when the one acts the 
other suffers, thus each is alternately in sleep and in wakeful- 
ness. Moreover, also, where the action of all the parts is con- 
fused, there is no action; for one fibre acts against another 
and one muscle against another. Therefore the unhappy suf- 
ferer is thrown prostrate, he beats the ground, his mouth is 
tightly closed, his respiration interrupted; but with the m»- 
terruption of the respiration the fury goes down, and the anger 
of the otherwise intractable cerebrum subsides. 

468. The resultant effects are manifested in the nerves, 
muscles, glands, vessels, the circulations of the blood and 
spirits, and the chemistry of them all; but especially in the 
cerebrum; whence arises dullness, stupor, wandering of the 
memory, foolishness, paralysis, apoplexy and many other His. 
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Chapter X. 

CONVULSIONS, SPASMS, TETANUS, TREMOR, ETC. 

484, The leaders of the medical attt ha/ve not yet distributed 
all the varieties of convulsions into their genera and species, 
and still less have they designated each species with its own 
proper name; for many convulsions appear to run a similar 
course, but by diligent investigations one comes to a knowl- 
edge of their nature, and of the source whence they take their 
origin. There are some that descend from the cerebrum, some 
that have a nearer origin, that is, from the nerves; and there 
are some that originate in the muscles themselves, namely, 
from the state of their motor fibres, membranes, tendons, 
aponeuroses. There are some also that trace their origin to 
the arterial and venous vessels flowing into the flesh of the 
muscle. Consequently there are convulsions that are to be 
referred to paralyses, to apoplexies, to epilepsies. Those there- 
fore who wish to reduce all convulsions to one only of the 
above mentioned diseases, would seem to be hallucinated. By 
reason of the variety of species the learned have made a dis- 
tinction between febrile convulsions and the other or ordinary 
varieties which recur at stated altemcttions or else are rigidly 
permanent; and also those which invade a single muscle, or a 
single joint or member. Hence the names, spasm, tetanus and 
so forth, all which are to be treated of. 

FEBRILE CONVULSION. 

465. Febrile convulsion is so called because it is a concomi- 
tant of fevers, and arises from the same causes, that is to say, 
from causes which obstruct the arterioles leading into the sub- 
stances of the cortex; for the cortical gland is entirely de- 
pendent on its arteries; from them also it derives its essence 
which it transmits into the flbres. On this account the state 
of the flbres and consequently of the muscles is deduced prin- 
cipally from the state of the blood. Therefore, if the blood 
be gross, hard, insoluble, concreted into ramenta and flbres, 
viscous, not easily separable from its serum, the arterioles near- 
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est to those glands are stofped up. Thus the glands are de- 
prived of their essential and vital juice, and either they U& 
half dead, or else they are filled up not with their own Auid, but 
with some other elementary. Such fluid, however, is not 
adapted for running through the medullary and nerve fibres; 
thus neither is it obsequious to the will of the mind; but 
it becomes adherent, and at the same time variously wounds 
and wearies the tunicles of the fibres. Hence convulsions from 
an internal cause. ConvtUsions come in like manner from an 
external cause when the cortical glands are beset round about 
with a tenacious, and, as it were, glutinous excretion, so thai 
in their little spaces they are unable to reciprocate their anima- 
tions; this also is an effect of febrile disease. That most highly 
pure humor that runs through the stems which wea^e the 
tunics of the cerebral arteries and which, in the preceding 
pages, we have called vessels emulous of the fibre, — stems on 
which the cortical glands immediately hang, — is also a usual 
cause of convulsion; for there is great poverty of this humor 
in febrile heat, where it lies imprisoned in the serum and 
blood nor can be extracted therefrom so long as the globule 
of the red blood remains hard and insoluble; neither, in such 
case, is there any kind of humor exuded between the pia 
meninx and the arachnoid tunic, and with the drying up of 
this spring the interstices between the fibres are deprived of 
their unguent. It is clear from the anatomy of the cerebrum 
thctt the cortical glands which correspond to the most actk^e 
muscles in the body, are furnished with their own beds or^ 
arterial trunks in the cortical substance itself, and with recep- 
tacles in the medullary substances, in order, namely, that from 
them they may draw their supply according to the degree of 
their activity. These receptacles, when filled up with crude 
and viscous blood, can bring no help to the beginnings of the 
fibres, and therefore the medullary and nerve fibres, and finally 
the motor fibres of the muscles, are deprived of their motive 
spirit; hence arises convulsion. 

CONTRACTION. 

466. Contraction, also called convulsion, draws its origin, 
not immediately from the cerebrum, but from the nerves 
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themselves, or from the bloodvessels on which the muscle de- 
pends. For whatever obstructs the passages or pores of the 
nerve, and whenever obstructs the arteries which How into the 
muscle, is the cause of this kind of convulsion. A nerve is 
obstructed by a vitiated, gross and over-tenacious humor stick- 
ing between its fibres and between its fascicles of fibres; 
for the Hbres, thus rendered compressed, inert and impotent, 
cease to act into the muscle. Such humor springs either from 
its fountain, that is, the cerebrum; or from its arteries which 
run in abundance through the interstices within the nerves; 
or the humors are the remains of diseases of a vitiated blood. 
In the nerves or in the ganglia, cavities are thus formed which 
in their movements are stuffed with ichor, and this, when col- 
lected, compresses the fibres themselves, and when bursting 
out, relaxes them; hence arise alternate convulsive motions. 
Contraction is called tonic convulsion when part of a mem- 
brane or muscle becomes rigid and there is danger of it remain- 
ing in this state. A similar effect results also if a nerv^ is 
compressed extrinsically, ulcerated, cut, stretched; and so 
likewise an artery. The cause of the convulsion may also be 
present in the muscle itself by the injuring of its nerve and 
vessel; that is to say, when it is inundated with blood or in- 
flamed, rigescence occupies its motor fibre, membrane, tendon, 
aponeurosis. 

SPASMS AND TETANUS. 

467. Cynic spasm* is a like convulsion, — arising from the 
causes mentioned above when treating of febrile convulsions, 
— in one hemisphere of the cerebrum or in one part of the 
hemisphere, especially of its upper lobe. For it is a distortion 
of the mouth; sometimes also it drags with it the eyebrows, 
nostrils, neck. It is called emprosthotonus if it moves the 
shoulder-blades from their natural position; opiSTHoroNUst 
if it invades, twists and hardens only some individual part or 
member. It is called tetanus when it is universal; and it is 
then a species of epilepsy. 



*Canine convulsion. 

tEmprosthotonus and opisthot- signifying, respectively, '1>ent for- 
onus are derived from Greek roots wards" and '1>ent badcwards." 
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TREMOR. 



468. Tremor or tremulation, as of the hands, head and 
other parts, and also as occurring in decrepit subjects, arises 
from divers causes, such as: [ i ] Defect of the spirits, extinc- 
tion, stupor, torpor J sleep of many of the cortical glands and 
fibres of the cerebrum so that only few of them are voluntary 
agents which shall, sustain the muscle. [2] Too great relaxor 
tion of the same; for with the loosening of their tension the 
fibres, impotent of action, lie down without law and order; 
for which reason there are interposed in the medulla of the 
cerebrum spurious glands, like piles and supports, which may 
restore to them their tension; so likewise in the two men^ 
branes, the pia and dura mater, the sinuses, and everywhere m 
the body. ([3] A like relaxation in the nerves, that is to say, 
a relaxation of their ligaments, of the tunics covering thi 
fascicles of fibres and the nerves themselves, and thus of the 
fibres; which latter fiow along like stragglers, part of them 
lying extinguished and part being left to itself without any 
common dependency and relationship; a like thing then hap- 
pens in the muscles and limbs, which, therefore, begin to 
tremble. The causes of the diminution of the spirits and of 
the relaxation of the fibres, are, however, many, such as the 
excessive use of venery, several kinds of intemperance, pre- 
ceding attacks of paralysis, apoplexy or epHepsy, long-con- 
tinued intermittent fevers, frequent swoons, old age, etc., etc. 

stupor, torpor, and sleep of the members. 

469. These diseases arise [i] from compressed muscles, 
vessels or nerves so that She joints are deprived of their bloods 
which are their several forces and potencies; [2] from freez- 
ing; [3] also from the causes which give rise to convulsions, 
for they exist in convulsions. 

HICCX>UGH. 

470. Hiccough is a species of alternate convulsion. It is 
believed to be an affection of the diaphragm; but, while the 
diaphragm sustains the lungs, it does not enjoy the power of 
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compressing and dilating them, for this is the office of the 
intercostal and several other muscles. Hiccough, however, 
seems to be an affection of the o^sophagus where the latter is 
united to the trachea; when the cesophagus palpitates, the air is 
then 'drawn in with great force in order that the breathing-path 
of the larynx may not be occluded. Hiccough arising from cold, 
and from food imprudently conveyed into the gullet, also from 
weeping and other causes, does not of itself easily stop. 

SNEEZING AND COUGHING. 

471. Sneezing is a high elevation and sudden compression 
of the whole cerebrum and cerebellum; and it is a nc^tural 
means for the dissipating and scattering of humors, and 
for the expelling to the exits constructed by nature, of those 
phlegms which stop up the beds, interstices and meninges of 
the brains, — especially if they beset the cribriform plate, — . 
as is confirmed by actual experience. It arises also from an 
irritation of the olfactory nerves, the fibres whereof are rami- 
fied around the whole cerebrum. The lungs which animate 
synchronously with the brains, likewise, at the same timet 
purge their bronchia and cells. Coughing is excited from a 
similar cause, but in the lungs. 

YAWNING. 

472. Yawning is a gentle elevation and erection of the 
cerebrunk to prevent it from falling into sleep. For when the 
animus grows languid, and no motion thereof expands and 
wakens the cerebrum, the latter naturally collapses into a state 
of sleep, and the folds mutually fold together, and, commenc- 
ing from the lesser folds, begin to cohere. This is guarded 
against by such an elevation; just as in the time of early 
morning when the several parts are to be unfolded. 
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CHAPTER XL 

MELANCHOUES^ DELIRIUMS^ MANIA, INSANITIES^ LOSS OP 
MEMORY, TARENTISM, ST. VITUS' DANCE, ETC. 

478. The diseases whose causes I now commence to explore 
ctre diseases not only of the body but also of the animus and of 
our mind which is called rational, — such diseases, namely, 
as mama, insanity, tarantism and the rest. Thus they are 
diseases not merely of the red blood but also at the same time 
of the purer or prior blood, that is, of the animal spirits which 
run through the fibres. Hence, these diseases very closely 
touch the influx of the soul into the sphere of our understand- 
ing; and those who make judgment respecting the different 
causes of such diseases, affections, deliriums, from the visible 
blood alone, treat a sublime matter in a very crude way, stop- 
ping only in the threshold of effects, and when they think 
themselves to see causes, seeing only causaies which they seise 
upon as causes. Consequently, for the thorough investigation 
of these diseases, it behooves us to enter more deeply into the 
inner recesses of animal nature; and then, at the same time, we 
shall be persuaded not only that there is a real influx of the 
soul into its body by means of the organs of the internal 
senses, that is, by means of the cerebrum and its cortical sub- 
stance; but also that the soul is able to flow into its body im 
no other way than according to the state of the organic sub- 
stances, — a truth which no one will call into doubt if only he 
deigns to contemplate causes from effects, or things prior from 
actual experience. 

474. But preceding our enquiry, it is necessary that certain 
theorems be premised which may serve as the premises of the 
conclusions to be reached. Namely: [i] That the cortical 
substance is that to which, by means of fibres, external sensa- 
tions refer themselves; or, that there are as many little internal 
sensories, or little as it were eyes of the intellectual sight, 
as there are such substances. Thus, that the cortical cerebrum 
is the verimost common sensory and likewise the common 
voluntary motory. Consequently, that the cortical substances 
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are those prime organs into which the soul in/lows with hef 
light, the effect whereof is understanding, thinking, judging, 
willing; for if these organs are in any way disturbed froni 
their natural state, form and situation, the understanding, the 
memory, and all that faculty which is called internal and truly 
human, suffers and sickens, 

475. Since each cortical substance is a little sensory and the 
symbol of our understanding, it follows, [2] That all, taken to- 
gether, constitute, as principal parts, the cerebrum, and produce 
something common which cannot be called the understanding. 
For that which is proper to the part is prior, superior and more 
perfect, while that which is proper to the parts taken together, 
that is, to the whole, is posterior, inferior and more imperfect. 
Therefore, that which is proper to the cortical substance is 
prior to that which is proper to the whole cerebrum, superior 
and more perfect. Consequently, to the cerebrum in the con- 
crete cannot be attributed understanding, thought, will, but 
only a certain inferior power, such as apperception, imagina- 
tion, cupidity. The former are properties of the intellectual 
mind, but the latter of the animus. Confer the Transaction on 
the Fibre, n. 306, 307. 

476. This also must be known, namely, [3] That the vessels 
of the red blood, ramified into the minutest capillacious ves- 
sels finally germinate the cortical glands, which hang upon 
them like clusters of grapes from the shoots of their vine; and 
that from these glands proceed fibres which, in the cerebrum, 
are called medullary and, when continued in the body, nervous. 
These fibres, together with bloodvessels, construct the motor 
fibres in the muscles. Thus the motor fibres have respect to 
the cortical glands of the cerebrum as their origins which 
through the fibres transmit to them their animal spirits. 

477. Moreover, [4] That the red blood, which is the semi- 
nary and treasure-house of all things in its kingdom, contains 
zvithin it the purer blood, which is the same as the animal spirit 
and which breaks out from the resolved globule of the red 
blood and is transmitted into the cortical gland and through 
this into the fibre. Likewise, thctt elsewhere also, that is, 
through the vessels emulous of the fibre, Ttsptcting which see 
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the Transaction on the Fibre, chapter ix [nos. 168-187] a cer- 
tain most highly pure serum is transferred into the same cor- 
tical gland, that it may serve as the matter from which may be 
elaborated and with which may be mingled the said spirit or 
purer blood. 

478. Furthermore also, [5] That the cortical gland is af- 
fected according to all the nature of that Auid which runs 
through it and is thereby transferred into the Hbre; scarcely 
other than cts the sight is affected by every variety of the 
forces or modifications of the ether; the hearing by ez^ery 
variety of the modulations of the air; the taste by every variety 
of the parts that touch the AbrUla of its organ; and so also 
the smell. But in the cortical gland the effect is more sub- 
lime because its sense is purer, superior, more perfect, as also 
are the substances and the forces that affect it. 

479. And finally, [6] That the cortical glands in particular 
and the cerebrum in general are able to undergo, and do un- 
dergo, an infinitude of states, or an infinite number of changes 
of state; that is to say, according to all that cause and variety 
of forces and forms which flow in and by which they are 
affected. As is the state of the cerebrum such is the state of 
the animus in the cerebrum; and as is the state of the cortical 
substance such is the state of the mind, — into which, the soul, 
when it flows in, can operate in no other xmy than according 
to its state; just as with the eye, namely, as is. the state of tiie 
eye such is the sight, — although the ray or the solar light flows 
in in one way only; or, as is the state of the object illuminated 
such is the variegation of the light, — v^ence arise such varie- 
ties of color and shade. There is a similar ratio in all things 
in universal nature. 

480. Each of the above propositions has been treated of in 
our Transactions, and from the little experience that was ad- 
duced we established that such is the nature of the cerebrum 
and that hence comes its faculty of sensating and understand- 
ing; but this wUl be still further confirmed by an infinitude of 
experimental testimony. Meanwhile, without these premises 
we labor in vain when drawing conclusions respecting the 
causes of the diseases which are the subject of the present 
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chapter. The diseases themselves shall also add their own 
signs of confirmation. 

MELKSCUOLY. 

481. Melancholy, regarded in itself, is not a disease, but is 
a temperament, styled melancholic, of the blood. Medically 
speaking, it is a sickness of the animus and body and some- 
times breaks out into species of delirium and mania. But its 
nature, as it is in itself, is known from the character of the 
person affected by it. He is obstinate and tenacious of pur- 
pose, and in his meditation, stubbornly clings to certain objects 
and to them alone. Hence it follows that his nature is not 
what it is taken to be by virtue of the melancholy, but rather 
by virtiAe of his application and determination. Thus, if he be 
a friend he remains one; if an enemy he is a perpetual enemy. 
If elated in animus he falls into laughable pride; if ambitious 
in mind he is externally humble, frequently sordid, but in- 
teriorly puffed up. He is stern with harsh haughtiness against 
aU who do not feel as he feels. If envious he suffers anguish 
and becomes livid; if angered he is disturbed and falls into de- 
mentuk For the most part, he is averse to external delights; 
loving solitude, he places no value on society except as 
a means of obtaining the fulfillment of his purpose. He 
is perspicacous in ingenuity; he is strong in judgment i^ 
he takes glory therein, for he is obstinate and vehemently in-- 
sistent. If not well instructed he makes up dreams and 
phantasies which he thinks to be so many truths. If mag- 
nanimous he is intrepid, fearless, brave; if pusillanimous he is 
timid, foolish, avaricious, ever anxious about the future, lov- 
ing himself and detesting all else. Thus among those who are 
afflicted with melancholy are the highly honorable, heroes, those 
bom to the administration of the highest affairs, the industri- 
ous, the vigilant, the constant, the unchangeable, the square; 
among them also are the wicked, the profligate, those deeply 
steeped in crime, those bereft of all honor. For they aO 
obstinately cling to the principles they have acquired. For the 
most part they are sad, sorrowful, spiteful, absent-minded, old 
before their time. The opposite of these are those who are of 
a sanguine temperament; for they are changeable, tractable. 
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distrustful of themselves, prone to cupidities, lovers of delights. 
They are society itself, as it were; in genius like women, — by 
whom they are praised; by men they are censured, by melan- 
cholic^ despised; they are men of the present age, but not of 
the ages that have gone before. 

482. There are divers origins of melancholy, and thus, 
relatively to their causes, divers species. There is sanguineous 
melancholy, atrabiliary, outmost, belonging to the body. There 
is melancholy of the animus, of the animal spirits, more purely 
sanguineous, interior, belonging to the cerebrum; this is called 
sadness and anxiety. There is melancholy of the mind; this 
is properly human, supreme; it is a species of hatred of the 
world and of life. There is melancholy of the soul; this is 
spiritual, as it were outside ourselves, and is properly con- 
science which causes remorse and agitation. These four are 
distinct in origin and nature: nor is any of them to be called 
melancholy except the sanguineous or corporeal, — unless in- 
deed by analogy. Nevertheless one so excites and produces the 
other that they coexist, and a melancholy, in appearing 
to be of one species, imposes even on the skillful. For black 
and bilious blood excites grief and sadness of the amimus, this 
excites a superior grief in the mind, and this an evU con- 
science, or hell. So also the reverse; for an evil conscience 
produces hatred of self and torment of mind, this produces 
anxiety of the animus, and this a bilious blood. But all four 
must be well discriminated; for medicine must be pre peered for 
each one according to the causes. We dispel effects in vain if 
the cause and root of the disease remains. If the blood is con- 
cerned in the cause it must be cleansed; if the animus, its sick- 
ness must be dispelled by changes and delights, and by such 
things as emend the purer blood : if the mind, the very desires, 
hope, principles must be alleviated. If the cause is spiritual, 
the medicine is theology from the Sacred Scripture; and if 
there be mingled with it a natural cause, it is to be remedied 
by means of sciences which apparently explain the mysteries 
of faith. 

488. The real cause why the one effect produces and excites 
the other, appears in clear daylight if we consider the in/lux 
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of the red blood into the purer blood, and its transHux through 
the fibres and decomposition into red blood; that is, if we con- 
sider the circulations, which are three and distinct, and of which, 
nevertheless, the one inflows into the other, — which influx we 
have called the circle of life. Confer the Transaction on the 
Fibre, chapter xxvi [nos. 319-327]. Or, it appears also in clear 
daylight, if we consider the connection of the bloodvessels with 
the medullary fibres by means of the cortex. All these matters 
become manifestly clear from the anatomy of the brain, when 
this anatomy is opened up all the way to its causes, 

484. In true melancholic diseases the red blood is harder, 
insoluble, spurious mingled with genuine, concreted with frag- 
ments of bile, antiquated, obsolete and livid such cts is ejected 
into the gall bladder and from thence through the feces, men- 
strua, hemorrhoids. Such blood cannot but tenaciously stick 
in the minute arterioles that pour immediately into the corti- 
cal substances. The purer blood or animal spirit which runs 
through the fibres, is hence rendered sluggish, cold, some- 
what hard, not easily soluble, — just as in the case of the red 
blood; for the fact of the latter blood being too hard,originates, 
in this disease, from a like nature of the purer blood of which 
it is woven. The cortical substances themselves wherein our 
soul actuates its rational mind, derive thence a similar nature, 
namely, that they are somewhat hard, tenacious, not easily 
mutable in respect to their state of expansion and constriction, 
but sluggish and stiff in action. This is the reason why mel- 
ancholic subjects are fixed in one object of thought and are 
tenacious of purpose. For it is the easy mutability of the ac- 
cidental state of the cortical substances, and thence of the 
cerebrum itself, that causes the presence of perception, con- 
clusion, determination; and this never obtaifts if the organs 
themselves are overly hard and sluggish, and if the blood sticks 
in its tracks both in the vessels and in the fibres; for as is the 
state of the cortical substances such is the state of the fibres, 
and hence such the state of the common sensory, of the organs 
of the external senses, and of all else that depends on the fibres. 

485. But the question is asked. Whence comes sanguineous 
melancholy f We answer. From all causes that render the blood 



312 DISEASES OF THE FIBRE. 

too hard, such as, from retardation and inhibition of the uni- 
versal circulation, that is, of the circle of life. For if the red 
blood accomplishes many circles and is not resolved nor re* 
jected, then it grows hard, antiquated, and obsolete. This is 
caused by nourishment that is crude, terrestrial, too much 
cooked and boiled and thus dead; by all the causes of indi- 
gestion, whence arise the souring of the foods in the stomach, 
rancidity, depravation of the chyle; by a scanty besprinkling of 
the saliva and gastric juice, and an over-large besprinkling of 
the pancreatic and hepatic juices and the bUe, in which case the 
chyle is carried through the thoracic duct or insinuated tm- 
mediately into the veins, crammed with these juices. It is also 
caused by the occlusion of the excretory passages for the feces, 
urine, menstrua, hemorrhoids, sweats, and Sanctorian perspira- 
tion. Moreover, it arises from an excessive excretion of in- 
nocuous lymphs; from wakefulness, whence comes feverish 
blood; from excessive sleep, whence comes grossness of the 
blood without fever; from poisons, which harden the blood. 
Such constitution of the blood, or of the ducts that serve for 
its commingling, resolution, separation, extermination, is also 
hereditary; thus melancholic subjects are also bom. 

But the genuine causes of melancholic blood are: Too scanty 
an afflux of the purest blood, which is produced ever new in 
the cortical substances; causes arising from a failure of the 
ZHiriation or mutation of the state of the cortical substances; 
also from a failure of transpiration through the purest pores 
of the cuticle, by which failure the blood is deprived of its 
serum or vehicle. The pellucid globules of the blood are thus 
rendered over-sluggish and tenacious, — as is the case with the 
old and the decrepit who, for the most pati, are of a mel- 
ancholic nature and are somewhat dull in respect to the 
faculties of sensation. But there is a connection of all thei 
causes, 

486. But whence comes melancholy of the animus, or 
anxiety f When not immediately from the blood, it comes 
from almost all the sicknesses that are attributed to the animus, 
such as sadness, grief, anger, envy, fear and other affections 
which we have in common with brute animals. These affec- 
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Hons aU spring from their own causes, to enumerate which, 
would be too prolix; in civil society there are new incitements 
every day. As was said above, these causes How into the 
bloods, and indeed, immediately into the purer blood or animal 
spirit. This they render overly sluggish and tenacious; for all 
the opposite causes, such as gladness, love, joyfulness, dilute it 
and keep it agile. Thus one cause flows into the other, like one 
blood into the other through the circle of life. Sadness thick- 
ens the blood; anger excites the bile; fear induces cacochymia,* 
and closes and empties the ducts; envy commingles bile with 
the blood, whence arises lividity, emaciation, blackness of face 
and blood. The effect is the continual effect of the cause; the 
cause produces the effect but the effect excites the cause. 
Therefore as is the blood such is the animus, and as is the 
animus such is the blood. 

487. But whence is the state of mind that produces an ef- 
fect like this? There are many affections proper to the mind, 
which, regarded in themselves, have nothing in common with 
the sicknesses of the animus; such as all desires and cares for 
the future, self-providence, divers loves of ends, intense stud- 
ies, perverse principles of morality, and many other things that 
are not found in brute animals. But because we mortals for 
the most part indulge the passions of our animus and the 
pleasures of our senses and body, the mind is swayed by its 
animus; hence, without some special investigation, it is difficult 
to discriminate these desires of the mind from the affections of 
the animus, although they are most distinct from each other. 
Let us take the desire of some fuiure happiness which we con- 
template with assiduous mind and which is sometimes nourished 
by present hope. If we are suddenly deprived of the hope, we 
fall prone into a kind of despair, nay, into hatred, either agaiiist 
the one who causes this deprivation or against ourselves; this 
straightway produces sadness of the animus, and, by this 
means, a melancholic blood. So likezvise in the other cases. 

488. As regards the supreme cause of all, which we have 
called the spiritual cause, and the evU conscience arising there^ 



♦Sec n. 445, note. 
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from together with its torments, this cannot arise immediately 
from the rational mind unless that mind has been instructed in 
sacred and divine laws and commandments; and unless it ac- 
knowledge the soul, its immortal life, heaven, blessedness, God 
the deliverer;* otherwise it is not spiritual but natural. Where- 
fore, it traces its origin to the soul, which is spirit, and to 
the Divine Spirit, which notes, represents, inflows, withdraws. 
Flowing from these principles this conscience is called temp- 
tation, and as to its origin carries nothing in common with 
the causes mentioned above and which, in themselves, are 
posterior. Moreover, descending into the rational mind, from 
this into the animus, and from this into the blood, it also 
perturbs, inverts and robs the whole animal organism. They 
who deny this its origin and assert only a posterior origin, — 
it is indeed also excited by the blood, — are either ignorant of, 
or else tacitly discredit, the soul, its immortal life, heaven, 
blessedness, hell, God the deliverer; and their conscience is thus 
either nil or spurious, 

THE HYPOCHONDRIAC DISEASE. 

489. The melancholic disease described above has also the 
vulgar cognomen the hypochondriac disease, also the hypo- 
chondriac affection, and it is escribed to some juice or VAPORt 
which is called melancholic. Such T^por is believed to rise from 
the stomach immediately into the brain and to constrict and 
perturb its organism or sensory. The reason is, because the 
hypogastric region, that is, the stomach, nusentery, omentum, 
pancreas and spleen, are affected with a certain dull pain and a 
sense of constriction which is immediately followed by anxiety 



*Vindex, The word means De- 
fender, protector, deliverer, vindi- 
cator; and also Avenger, pun- 
isher. It well illustrates that class 
of words whose meanings extend 
from opposite to opposite accord- 
ing to whether they arc viewed 
in relation to good or to evil. 

fThis word is capitalized by the 



author perhaps in connotation of 
the name "the vapors," colloquially 
given to hypochrondria ; other col- 
loquial names are the blues, spleen, 
low spirits, and, in the French, the 
imaginary or English malady. It 
is characterized by illusions and 
inordinate anxiety in reelect to 
the personal state of health. 
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sometimes breaking out into wailing or a species of delirium; 
moreover the stomach is kept constipated with crude and earthy 
dregs and coagulated matter, with which also are intermingled 
the biles. 

490. But the proximate cause of this disease or affection is 
an obstruction of the chyliferous and lymphatic vessels, — both 
those which discharge into the left subclavian vein through the 
mesentery and the thoracic glands and by way of the thoracic 
duct, and those which spring from the pancreas, spleen and 
other viscera situated in the hypochondrium, and irrigate the 
blood with a perennial fount. This lymph mingled with ani- 
mal juice, being the purest of the lymphs, is drawn up to- 
wards the cerebrum and delivered to the cortical glands, that it 
may be remanded into the fibres, — all, that is to say, except 
the abundant supply that is exhaled between the arachnoid 
tunic and the pia meninx and is transferred to between the 
fibres. Confer the Transaction on the Arachnoid Tunic, chap- 
ters ii, iii, iv, v [nos. 342-365.] Such lymph is poured out in 
immense abundance from the viscera under the diaphragm, 
especially from the spleen, to say nothing of the other viscera 
whose lymphatic vessels flow together into the thoracic duct. 
When the cerebrum is deprived of this lymph it straightway 

^ labors and is anguished; for the very fibres become dry and 
contracted, and, at hand and urgent, stands mere blood with a 
sluggish and coldish serum, and which is not resolved, nor, 
when resolved, can enter into the penetralia of the corticals. 
This lymph is, as it were, the chyle of the medullary and nerve 
fibres, just as that juice which is carried immediately from the 
stomach, is the chyle of the veins and arteries. 

491. Therefore the cause of the hypochondriac disease is 
the cessation of the circulation of the lymph called the lymph 
of the thoracic duct. The immediately resulting effect redounds 
upon the cerebrum, for this is straightway "deprived of its vital 
juice on which live its sensory organs, that is, the cortical 
glands and the fibres. Hence comes a change of the state of 
the cerebrum, that is to say, a difRcult elevation or animation 
of its corticals with an unexpected constriction; or else, the 
influxion of a non-vital serum, a useless drive of the red blood. 
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amd a vain soUcUttHon wiihomi any amvejmg vekides. Hemct 
arius a umversal anxiety, — for ike whole Ungiom tabors. Far 
any other lymph than that which is fnost sdect amd is gifted 
with animal spirit can hardly enter those subtle passages. 
Therefore it is this lymph, together with the better blood, that 
is continually drawn towards the cerebrum. Thus this disease 
is not the rising of some vapor from the stomach towards the 
cerebrum; for whatever grossness is in the chyle or is brought 
into the blood is not taken into that superior region which de^ 
mands lighter things. 

492. A blood that, of itself, is hard, not readily soluble, not 
genuine, that is, a melancholic blood, demands an abundance 
of such fluid and swollen lymphatic vessels, in order that its 
defect may be supplied by adventitious aid, in lack whereof a 
MELANCHOLY breaks out which is then called vague and wand- 
ering. 

493. The lymphatic vessels and chyliferous ducts are closed 
by causes in the body and by causes in the cerebrum, that is, in 
the animus. The causes in the body are crude, earthy, dead ali- 
ments and viscous matters; and the superfluity and retention of 
these in the stomach and intestines. They are also produced by 
condensed air, colic and acute pains; that is, by Aatulence which 
distends the stomach and intestines, whence come eructations 
and vomiting through the fauces. Other causes are, an 
abundance of bile which overloads the chyle; a lack of saliva, 
and of the ceophageal and gastric juices; the indigestion thence 
resulting, and every cause of indigestion; a laxness in the 
structural substance of the stomach and the cessation of its 
vermiculation and peristaltic motion; and many of the condi- 
tions described above when treating of melancholic disease. 

494. But causes in the body do not produce this wandering 
melancholy, or the melancholy that returns by alternations, un- 
less the blood in itself be melancholic, that is, be of the quality 
descried above, n. 484. Hence the aninms has a proclivity 
to sorrowful emotions or mutations; and therefore there are 
causes in the cerebrum or animus which directly concur. These 
are what produce the disease; but they are excited by causes 



^ 
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m the body, and by causes outside the body. By causes in! 
THE BODY^ namely, by all the causes recounted just above, such 
as flatulence, sourness, rancidity and crudity of the food, and 
the other causes. There is a wonderful correspondence of 
the state of the stomach with the state of the brain, or 
rather, of the cerebellum; for the villous tunic of the stomach 
and its extended fibres announce to the cerebellum as by a 
certain sense, the state of their viscus; thus the cerebellum is 
affected, — just as the cerebrum is affected by sensation and 
pain in the skin; hence the latent and bodily causes of 
the emotions of the animus; and consequently the con- 
striction of the ducts, both lymphatic and salivary, and the un- 
loading of both kinds of bile. By causes in the cerebrum 
OR IN THE ANIMUS^ — which have been enumerated above, n. 
456, — arising, namely, from sadness, grief, anger, envy, fear, 
etc., that is to say, from causes outside the body; as sad-* 
ness arises from misfortune, losses, death, injuries, change in 
the love of parents, of friends, and a thousand other causes; 
so likewise with fear and the other sicknesses [of the animus]. 
When these are excited the circulation of this lymph is at once 
stopped, the stomach is constricted, the vessels of the mesentery 
are stopped up, and into the closed thoracic duct no lymph 
can flow in from the other viscera. Thus it is the animus that 
so suddenly constricts them. It is also the animus that ex- 
pands them, as, for instance, gladness, joyfulness, the pleasant- 
ness of society, free conversation and the like, while the con- 
trary affections present contrary effects; for the body acts and 
suffers according to the state of its cerebrum. From this it is 
apparent how greatly merriment and amusements contribute 
to the digestion of the foods, the dispensation of the chyles, 
and the promotion of the circulations. 

486. There are, besides, other ducts still more subtle which 
lead immediately from the stomach, lungs, nay, from the uni^ 
versal external skin of the body towards the cortex of the 
cerebrum and cerebellum; these we have called vessels emulous 
of the fibre, or corporeal fibres. These in like manner are 
opened and closed according to every affection of the animus. 
But of these we shall treat elsewhere. 
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THE HYSTERICAL DISEASE. 

497.* The hysterical disease is also classed among melon- 
cholic diseases; for it is a suffocation of the womb and its 
ducts, which extend to the cerebrum and to the pia and dura 
meninx thereof. Thus a parallelism may be instituted between 
this disease and the hypochondriac. Hence a sharp pain, called 
CLAVUS HYSTERICUS,! is felt in the pericramum. 

498. That there are frequent communicating ducts between 
the womb and the cerebrum and its meninges, is a conclusion 
drawn not only from the fabric of the womb itself, hut also 
from the passions of gravid women, from the growth and 
nutrition of the embryo, from the influx of the mcftemal im- 
agination into the little body of the infant, from the erection 
of the Fallopian tubes and their UmbruB, from the state of the 
ovary and of the retained menstrua, and from many other phe- 
nomena, 

499. The path that leads from the uterus towards the dura 
meninx and at the same time towards the pericranium is along 
the periostea, through the tunica vaginalis of the medulla 
spinalis, towards the great foramen of the occiput, and thence 
to both of the periostea, namely, the external or the peri- 
cranium and the internal or the dura mater. That this path 
is, as it were, the royal road for a certain humor which, finally, 
is either exhaled or goes off into the capillaries, wUl be demon- 
strated in its own place from many considerations.t Therefore, 
from causes belonging both to the body and to the animus. 



♦The Latin editor notes that in 
the MS. '^between the para- 
graphs numbered 495 and 497 re- 
spectively, is found the number 496 
but without any paragraph ap- 
pended thereto. Nor (he adds) 
can we account for the fact that 
the numbers only are irregular 
while the series of the subject re- 
mains uninterrupted." It would 
seem as though the author had 
intended either to add another 
paragraph on the subject of hypo- 
chondria, or to add another sub- 



section with a separate title. We 
note that the repetition of n. 504. 
below, balances the present omis- 
sion. 

tClaviis H3rstericus {clonms, a 
nail) is a headache, found particu- 
larly in hysterical women. A most 
acute pain is felt in the front part 
of the head as though from a 
piece of ice or the boring of a 
nail ; hence the name. 

tSee the little treatise Th« 
Periosteum, included in the work 
on Generation, p. 362 seq. 
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when the uterus is suffocated and its ligaments, tendons, and 
connections with the bones and periostea complicc^ted, — a cir- 
cumstance which may happen after childbirth, — the above men- 
tioned circulation ceases. Hence results an effect that redounds 
upon the pericranium, — from which arises clavus hystericus; 
and upon the dura mater, — from which arises difficulty of 
respiration, dull pain, and anxiety. 

MANIA. 

600. Mania is the last stage of melancholy; for the blood 
of a maniac is exceedingly hard, almost insoluble, sharp, livid, 
black and badly coherent with heterogeneous matters; genuine 
globules float sparsely in its serum; it is born but not unborn. 
Being thus copious, it is, as it were, bile and bitterness. The 
purer blood, the globules whereof are naturally elastic, divis- 
ible, flexible, yielding, is likewise tenacious, coherent, not easily 
yielding, fibrous, and thus not of its own nature active, unless 
from some stronger impulse, because not passive. Hardness 
cannot indeed be attributed to it such as is attributed to the red 
blood, but only tenacity, — which tenacity is its hardness as 
compared with its own nature of extreme flexibility. Thus in 
maniacs the red blood is radically sick; for a compound 
derives its nature from the quality of the component parts. 

601. As is the blood such is the artery ; for the tunic en- 
tirely accommodates itself to the nature of its blood. Hence 
it also is somewhat hard, and still more is this the case with 
the least or capillary tunic which is next to the cortex. To it 
sticks a blood that is indocile as regards passifuity, is blocked 
up, is not capable of motion in one direction or the other, and 
sits unmoved unless urged by a stronger force and com- 
pression. The common arteries or little trunks are blocked 
up with a similar blood, and become turgid. In like manner 
the FIBRES which are smeared with a tenacious purer blood 
or animal spirit. The cortical gland, being midway between 
the arteriole and the fibre, must necessarily be beset with a 
similar blood as the fibres; and therefore these glands also be- 
come rigid, that is, they offer obstinate resistance to changes, and 
respire illy and only with sluggishness and draggingly. That 
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the state of the cerebrum is such is a fact taught by actual m- 
spection of corpses; for the cerebrum of maniacs is seen to be 
"dry, hard, friable, yellow in its cortex, with its vessels turgid, 
varicose, and distended with a black tenacious cruor." See 
Boerhaave's Aphorisms on Mania, n. 1 121. Similar also must 
be the state of the arachnoidal lymph and also of the lymfh of 
the thoracic duct which partakes of the purer blood; hence the 
general friability. 

602. The causes of the breaking out of melancholy into 
mania are all those that have been mentioned above in treat- 
ing of melancholy, but sharpened to the highest degree. That 
is to say, there are causes in the blood, causes in the animus 
and also in the mind. Causes in the mind produce those in the 
animus, and causes in the animus produce those in the blood; 
but causes in the blood excite those in the animus and these 
those in the mind. Thus the superior causes are the genitors 
of the inferior, and the inferior are the exciters of the superior. 

503. From the state of the bloods, arteries, fibres, corticals, 
in maniacs, in a word, from the state of the cerebrum, is judged 
the proximate cause of their fury, namely, the fact that the 
cortex, wherein the soul actuates its rational mind, remains 
almost immutable without a blink at the presence of affluent 
objects, and thus in a single idea of thought; hence dreadful 
imaginations and lycanthropia.* For the cortical glands are 
most highly exquisite senses, since taken together they are the 
internal sensory; they undergo accidental change of state ac- 
cording to every cause and. variety of the forces and forms that 
How in, or, they are affected according to every nature of the 
fluid that runs through them. C<Mifer above n. 478^ 479. 
For whatever is not changed according to the forces that rush 
in, that same neither sensates nor consequently perceives the 
form, harmony and disharmony of such forces; but it acts 
solely according to an impressed idea, whether appropriate or 
not expropriate, — and therefore is insa$ie. 



*A species of hydrophobia. The changed into a woll The wot4 
patient imagines himself to be signifies "wolf-man." 
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604. Moreover, hence also comes the force and strength of 
insanity, in that the parts of both the bloods are not smooth and 
most evenly round, but are sharp, rough, and closely set about 
by sharp-pointed or sulphurous and volatile-urinous elements; 
for what is hard and tenacious does not dissipate the angular 
adhesions that flow around in abundance; thus spicula stand 
out everywhere. Consequently the blood globules, being also 
prickly, when they run through the arteries and fibres, and 
especially through the tender and sensile walls of the cortex, 
prick, ulcerate and wound. Hence arises sickness excited to 
the highest degree and even to insanity; and pain, not sensible 
as in the body but as in the mind; emotion and passionatct 
violence; and persistent wakefulness, 

504 [a]. These, however, are the causes of insanity but not 
of mania; for insanity is of the mind, while fury is of the 
animus, and maniacal action of both. We can be insane and yet 
not furious, and furious and yet not insane; the two can be 
separated and also conjoined. To be insane is to think, judge 
and will perversely; but to be in fury is to imagine dreadful 
things to oneself, to crave things unnatural, or to act contrary 
to every order and law of nature without any fear or horror. 
Although, in themselves, the two are distinct, yet it is 
not given to everyone to perceive them distinctly. Insanity is 
judged from the state of the corticals, but mania from the state 
of the whole cerebrum. Hence we must know what special 
property belongs to the state of the corticals and what special 
property to the state of the cerebrum. The special property 
of the state of the cerebrum is the situation, fluxion and con- 
nection of corticals, fibres, and vessels, whence its form and 
figure. That in maniacs the state of the cerebrum is a per^ 
verse one is a fact manifestly evident from the tenor of these 
same causes; for the arterioles and fibres, thus turgid and 
stuffed up with cruor, contract and become shorter; the cortical 
glands, suspended midway between their arterioles and fibres, 
are moved out of their natural situation and their connection 
with the neighboring glands; thus the harmony of consociation 
is lost, and consequently the mutual respect between the prin- 
cipal parts. Thus the state of the cerebrum is perverted and 
21 
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the animus is affected; hence arises fury together with tn- 
sanity, that is, mania. 

606. When the red blood sticks in its vessels and the white 
and purer blood in its fibres and in the cortical glands, the 
cerebrum labors with immense effort and with its entire forces 
to^ dispel that which obstructs; for it intensifies its powers 
(animas) according to the ratio of the resistance. The result- 
ant effect is that immense strength is added to the muscles; for 
as is the acting force of the cerebrum such is the force of the 
muscles that depend on those fibres or forces. The rule is. 
Whatever state is put on by the corticals, the like state is dif- 
fused into the fibres continued therefrom, and consequently 
into the whole system woven of fibres and bloodvessels. Con- 
fer Transaction II, n. 202. This robust, bold, strong and hard 
quality is therefore noticed in the several joints, in the motion 
of all the viscera, nay in the sensation and the very speech and 
the articulation of the words. 

606. Maniacal diseases can be distributed into their genera 
and species, for they are as many as are the subjects or cerebra. 
There are as many genera as there are natures of the blood, 
states of the corticals, both in themselves and in respect to 
their connection with their arteries and fibres, and states of 
the cerebrum, that is, nc^tural inclinations. There are as many 
species as there are determinations to one emotion of the 
animus rather than to another; for there are determinations to 
anger, or to revenge, or to sorrow, or to love, or to pride, or to 
many emotions simultaneously; considered particularly, they 
are determinations to this or that species of anger, revenge, 
sorrow, love, and so forth. 

INSANITY. 

607. Careful distinction must be made between inscmUy and 
mania. Insanity is of the mind, but fury is of the animus, and 
maniacal action of both. Insanity is a perverse state of the 
corticals, but mania is a perverse state of the whole cerebrum. 
Confer, n. 504 [a] . There is hardly a mortal who is not in his 
own way insane. He alone is sane and acts wisely who wor- 
ships God, thrice best and greatest, and by faith aspires to 
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eternal bliss; and the wisest is he who regards not even this 
bliss, except as a consequence, but the glory of the deity cu 
the principal thing. From this description of wisdom it is 
clear what insanity is, minor or major; for insanity has its 
minimum and its maximum, and consequently its degrees. 
What the insanity is, its nature and intensity, is known from 
the ends which the mind has in view and follows up. The 
further these ends recede or withdraw from the one and most 
universal end, the greater the degree of insanity, the greatest 
degree being when they oppose it diametrically; then they are 
carried away from wisdom, that is, from the deity, the be- 
ginning and the end of the universe, and are delivered over to 
themselves and their own insanities and to the deznl. 

608. This insanity however does not properly take the name 
insanity, because it is universal and is believed to be truly 
human, and indeed, of such nature that the world declares 
those to be insane who are not insane. But medically speak- 
ing, an insane person is one who acts contrary to accepted 
propriety and the customs of society, or, still more, who ob- 
stinately defends his own opinion against acknowledged truths 
and the judgments of a sound mind, and pursues it to the 
contempt and derision of the vulgar, that is to say, who, de- 
ranged and empty of mind, exposes himself to public sport. 
Such insanity is a perverse state of the rational mind and 
consequently of the cortical substances in the cerebrum. It 
arises from dk/ers causes, that is to say, from causes above 
itself, from causes below itself, and from causes without and 
tvithin itself. But it would be a lengthy undertaking to weigh 
the several origins, species and effects; nor do these have re- 
gard to pathology but rather to psychology. Pathology goes 
no further than the red blood and the purer blood, that is, no 
further than the body and animus, and hardly to the latter 
except conjointly with causes in the red blood and the body. 
Let it suffice that insanity of the mind is the interior and 
superior cause of sicknesses of the animus, and that delirium 
of the animus is the superior cause of disecLses of the body. 
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drunkard's delirium. 



609. Delirium arising from drunkenness is a species of 
wandering insanity; for the cerebrum becomes dizzy, the joints 
and feet totter, the head sinks uncertainly, the speech lacks 
point and wanders, the senses grow dull and not consonant 
with the internal senses, the imagination becomes fanatical, and 
that which is voluntary is dulled and delirious; as for the other 
symptoms, who does not know themf Wine, vapid wme^ 
spirits, fermented must, beer, nay, exhalations, are what pro- 
duce it, and this by way of the gullet or stomach. Therefore 
it belongs to the blood, to the sensory and voluntary motory, 
to the cerebrum and consequently to the corticals; and it con^ 
sists of an abundance of sharp-pointed and diversiform parts 
which when they are pushed through the tiny beds of the cor- 
tex and the little channels of the Hbres, prick and tear them and 
rouse the substances into motions not their own. Therefore 
the cause of this insanity lies within the cortex; if it lies out- 
side the cortex a like effect also results, but with a difference. 

610. The state of the corticals is such that they actuate 
nothing of themselves and their own spontaneity, but stand 
ready to be acted upon by causes below themselz^s which flaw 
in, that is, by the senses, the body, and the blood; to which 
several causes, the corticals are so open that as soon as they are 
acted upon they begin to act in a similar manner. Hence from 
perception of things sensible arises thought, from thought 
the forming of judgment, and from the forming of judgment 
will, which is the conclusion of the operations of the mind. 
The cortical substances are as it were intellectual eyes into 
which flow the light of intelligence from the soul and images 
or ideas from the field of the memory; not unlike as with the 
eyes of the body into which flow natural light from the sun and 
images from objects. Therefore these cortical substances, per- 



*Vappa, wine that has lost its nor corrosion, and which by cook- 

^irit and flavor. Blancart defines ing or exhalation, has been de- 

the word as meaning "a humor prived of all the virtue formerly 

which brings neither pain, heat within it" 
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pefually illumined with intellectual light, behold nothing ration- 
aUy until images and forms flow in from the memory and the 
senses. Meanwhile they stand ready for the in/lux, which latter 
is effected as soon as anything from without or below is 
represented, to which are associated related ideas so that one 
common idea shall stand forth. But when the cerebrum is 
inebriated, the blood drawn up thither is circumfused with an 
abundance of angular and diversiform, that is, of Tnnous, en- 
tities, so that the substances are no longer open to the influxes 
of ideas from the senses and memory, in order, namely, that 
they may put on suitable states in accordance with all those 
forms. From this comes a passion unlike the action, and an 
action unlike the passion, that is, disharmony, and hence de- 
lirium. 

611. This delirium is varied in subjects according to the 
causes that produce the inebriation and according to the states 
of the inebriate, hardly otherwise than is the case in mania and 
insanity. Dull minds, or languid and lax cortical substances, 
are stimulated into a better and more responsive life, while 
lively and expansive minds become sorrowful, or fall into pas- 
sions, or grow furious. Sad and anxious minds refuse the in- 
Hux, and the things that How in beat m vain upon the walls of 
the corticals, collapsed and almost insensible. Joyful and happy 
minds become tremiscent at the presence of the tiniest points 
in contact with them. Subjects whose mind is enfeebled and 
their cortex ulcerated, — such as the sick, the melancholic, and 
the aged, — grieve and more quickly become delirious. Sub- 
jects in whom the circulation of the two bloods through the 
vessels and -fibres is brisk, the discrimination of humors in 
body and cerebrum prompt; the chemistry of nature vigor- 
ous; who have an abundance of fluids, a fatty blood, cortical 
substances and fibres that are healthy and not thin but thick, — 
such subjects become inebriated more slowly. The other effects 
also can easily be learned from a knowledge of the causes. 
From the effects of inebriety is known the mind and animus 
of each subject. 
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FEBRILE I^LIRIUM. PHRENITIS.* 

612. Delirium is also usually a concomitant of burning and 
acute fever. In this delirium what the patients sensate they 
perceive differently; thus they do not think and judge like as 
they sensate, but perversely. The external and internal senses 
are frequently so dissentient that the patients dream while wide 
awake; see things not seen, and hear things not spoken; act 
without ca/use as if from a cause; pluck at feathers or flocks as 
if such things were actually present; pick oft bits of wool; are 
terrified at their friends as if they were furies; see children as 
giants, and the things they meet with as spectres, to say nothing 
of other ghosts; they pluck at nothings and speak insanities. 

613. Fever is a cause of delirium, the general cause being 
heat of the blood and its close unition with the serum. Hence 
the whole chemistry of the body lies destroyed; for the blood 
ought to float freely in its serum and to be separated in the 
arteries, — especially in those of the cerebrum where the blood- 
globules are to be resolved into their elements or constituent 
parts and to be passed separately through the lattice-works of 
the fibres. But this is now prevented by the copulation of the 
serum and blood; and nevertheless those little hearts, that is, 
the cortical glands, and an abundance of fibre, necessarily de- 
mand some juice that they may draw their breath and sustain 
the whole system. Hence in place of spirits they attract and 
absorb some thin serum stuffed with urinous spicula and sul- 
phurous ramenta. Thus in place of animal spirits comes a 
guest of alien genius, — a guest which of itself is not fluid, nor 
compressible, soluble, animal, and still less vital; but is resistant, 
hard, sluggish, cold, and at the same time pungent and prick- 
ing. Such stranger-flow, unless commingled w^h a vital fluid, 
cannot be ruled by the cortex of the cerebrum, and does not 
fly at its nod to its ultimate bounds, that is, to the motor fibres 
in the muscles; but, unless continually thrust on, it sticks in its 
steps. Hence arises pain and impotence in the cerebrum, 
languor in the muscles, debility in the body, depravation of aU 
the humors, and universal cacochymia. 



♦The Phrcnsy, inflammation of the brain, brain-fcvcr. 
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514. TAe substance of the cortex, and also the -fibre, when 
traversed by a lymph of this kind, which is not its own or vital 
and which yet perpetually pricks it, is driven into motions not 
its own, lacerated with stabs, enkindled by a heat not of life 
but feverish, and finally becomes numb and stiffens itself against 
the stings; the cerebrum meanwhile in no way endeavoring 
by compression to disperse these ills. Thus an active state is 
put on not correspondent to the state of the organs of the 
external senses; nor is the mind passive in accordance with 
that which the senses act, nor the organs of the senses passive 
in accordance with that which the mind acts; for they do not 
apply themselves to each other. Hence arises febrile delirium 
and phrenitis. 

616. The above is the state of the cortices and fibres. The 
other parts, becoming inflamed, grow rigid, — such parts, 
namely, as the meninges, both the pia and the dura, also the 
vascular portion of the cerebral medulla, and so, by connection, 
the tunics of the nerves and fascicles. Inflammation then also 
invades the optic nerve, nay, the eye itself and its tunics and 
humors, and also the ear and its tympanum and fenestra. 
Thus the stcUe of the external sensory itself is also perverted; 
hence a two-fold cause of delirium. 

PARAPHRENITIS. 

616. Just as febrile delirium and phrenitis invade chiefly 
the cerebrum, so paraphrenitis invades chiefly the cerebellum. 
That is to say, in place of the spirits and purer blood, a certain 
serum not of its own nature elastic, compressible, soluble, wtal, 
but dead, hard, sluggish, beset with an infinitude of little saline 
and sulphurous daggers, is intruded into the cineritious sub- 
stance and fibres of the cerebellum, and thence into the muscles, 
joints and viscera depending on these fibres, that is, on the par 
vagum and the great intercostal nerve; hence, from a like cause, 
there redounds to the several parts, such as the pleura, dia- 
phragm, lungs and the parts of the abdomen, disobedience, 
a refractory force, impotence and torpor. The cerebrum and 
cerebellum hold the kingdom of the body divided equally be- 
tween them, so that where penetrates a fibre of the cerebrum 
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there also penetrates a fibre of the cerebellum; the one rules m 
the daytime, the other at night. Consequently, when the fibre 
of the cerebrum succumbs, the fibre of the cerebellum, now 
forsaken and almost deprived of companions, labors with im^ 
mense effort to arouse the forces of the muscles. 

417. Moreover, from a like cause, the meninges and the vas- 
cular substance of the cerebellum are inflamed and become 
rigescent; and with them the tunics of its nerves. Thus from 
a double cause there arises a resistance together with an acute 
sensation of pain, since the fibre of the cerebrum is living. 
This incredible pain is felt in the respiration and in all the acts 
which depend on the respiration; that is to say, in each one 
of them, and especially in the more vehement, such as cough- 
ing, sneezing, stretching, emission of the urine, unloading of 
the feces, vomiting; hence the effort to suffocation, and many 
other symptoms. 

LOSS OF MEMORY. 

618. In the several diseases, as in melancholy, insanity, 
fever and so forth, there are degrees between their minimum 
and their maximum; but nothing is included among^ the class 
of diseases recognised by medical men except what is in the 
ultimate degrees. So with loss of memory. There are some 
in whom the memory is feeble; some in whom it is wandering, 
returning only at intervals; some in whom, either by nature 
or from cultivation, it is very slight; and there are some in 
whom the whole memory suddenly lapses so that they re- 
turn into the state of infancy. This latter stage of loss of 
memory is the first to be recognised as a disease; nor, until 
it has reached this stage is it given over to the care of a medical 
man but is left to the healer nature. In this stage the memory 
of the past has so perished that the patients do not remember 
the least thing, not even in respect to the words, speech and 
actions into which they have been initiated by use and cultitfo- 
tion. Except in regard to stature, body, cmd an infantile sucking 
and wailing, they are as it were unborn and reborn, since they 
have fallen into oblivion of everything; and this to such an ex-- 
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tent, thai they are obliged to learn anew from nurses and 
masters the very rudiments of life and knowledge; that is to 
say, they commence life over again. From these considerations, 
rationally digested, you yourself, if you wish, may cast the votes 
analytically, and consider whether it is a case of the soul hav- 
ing emigrated from its body and another soul succeeding in its 
place, or whether the soul is one thing and the rational mind 
another. Any sane person will conclude that our rational 
mind is not the same as the soul, but that our reason can be 
perverted, become insane, nay, be destroyed together with 
its organism, the state of the soul still remaining entire. But 
these matters will be treated of in our psychological Trans- 
actions. 

519. Meanwhile, in order that we may know whence comes 
loss of memory, it is first necessary to know what is memory. 
In the whole study and pursuit of psychology nothing more 
wonderful is met with than the memory, nor anything more 
difficult of disentanglement. Its nature might indeed be ex- 
pounded to the understanding of many persons, but not in a 
few words; for the commencement must be made from prin- 
ciples hitherto unknown. To expand our sails at this point is 
not advisable, but I will relate as much as may suffice for the 
intelligent. 

690. Memory cannot be an image pictured in the cerebrum, 
or spread, one over the other, upon a tablet; nor can it be an 
impressed image laid up in little pockets from which it may be 
summoned for uses; this is diametrically repugnant to nature 
and reason. But memory ought to be a change of the state 
of some organic substance wherein the soul actuates its rational 
mind; thus, necessarily, it depends on the change of state of 
this orgcmism, that images and the little modes of the senses 
are retained in the memory. But if change of state is the cause 
of memory we must enquire what is change of stale. Speaking 
briefly, the state of the corticals and of the cerebrum is changed 
in divers ways, whether it be that those substances are ex- 
panded or constricted, hard or soft, active or passive, hot or 
cold, tremiscent or tranquil; naturally, whether they be gross or 
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fine, consist of abundant fibre or of little, besides an intrinsic 
variety which is infinite. But to enumerate all the genera and 
species of the changes of state would be prolix. Meanwhile 
this truth is clear, namely, that the perfection of purer sub- 
stances consists in their being able to undergo, to put on, and to 
suffer to be induced on them, every variation of state. What- 
ever therefore cannot change its state, thai same is imperfect. 
The entities of purest nature are therefore most perfect, in that 
they are able to be accommodated to every change of state, and, 
in a moment, to run through the several states with such great 
variety that there is not the minutest phase of variety, — singu- 
lar and universal and general, — that can possibly be thought 
of, to which they may not be applied. I know that I speak 
strange things, but what does it matter since they are true! 
Let us be enlightened by an example: The eye, which is the 
organ of sight, while grasping its objects and images, under- 
goes by that very fact, innumerable changes of stokte; that is 
to say, a different change for each species of color, harmony, 
disharmony; for each degree of shade and light; for each de- 
gree of distance, multitude, magnitude. For each one of these 
it variously contracts, expands, pushes out, draws in, 
turns, its pupil, iris, tunics, humors, retina; and applies itself 
to the object in such way that it receives and is affected ex- 
actly as the state of the object requires. This cannot be wi- 
known to any one who pays attention. The like also happens 
to the drums, fenestra and cochlea of the ear; to the papilla 
in the tongue and to the universal body from the diverse states 
of the things in contact therewith; who then doubts it of the 
cerebrum? From the organ of natural sight let us now pass to 
the organ of rational sight or of the ideas of the mind, that is, 
to the cortical substances which are the organs of the internal 
sense corresponding to the organs of the external senses, being 
so many little cerebra or so many minute eyes. Since these sub- 
stances are entities of purer and more perfect nature it is neces- 
sary that they be able to undergo changes of state infinitely 
greater in number and perfection than can the eyes; that is to 
say, to be disposed to every influx and reception of images and 
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modes from the external senses, — potentially in infancy and ef- 
fectively in the following age. But the question is asked whether 
change of state can be the same thing as memory. I say that it 
is; for purer organic substances are apt of themselves to the 
putting on of every state, and the state is induced by influx 
from the senses, thus by use and cultivation; and a state 
that is induced, remains, and it returns just so often as there 
is a relapse and turning to it, that is, just so often as 
the mind or its organic substance, thai is, the cortical sub- 
stance, revolves and turns itself from that state in which it is, 
or into which it has been reduced, to all similar states. That 
which flows in is perceived or sensated; hence by the changes 
of state resulting from the state induced, thought is excited, 
from thought judgment, and so on. But these operations ap- 
pear to be too physical, and therefore there cannot but be a 
doubt as to how that which is metaphysical and spiritual can be 
cu:commodated to these same laws. This however comes for 
demonstration in our psychological Transactions; for it must 
be known whcU the soul is, what the spirit, what the body, 
what the animal spirit, and how one flows into the other; the 
terms themselves must be explained and the nature of each 
thing signified by the words be brought out, before we enter 
upon an exposition of this subject. If the subject is clear 
and the terms unknoxvn then we speak by mere occult qualities 
cks though speaking Greek to the Latins and Latin to the 
Greeks. Meanwhile let us agree in this, namely, that memory 
is a state induced on the organic substances or corticals of the 
cerebrum wherein the soul actuates its rational mind. 

621. In order that the causes may be perceived we must add 
that there is a memory of universals and a memory of particu- 
lars. The memory of universals is that which corresponds to 
our thought, and the memory of particulars that which corre- 
sponds to the imagination. The memory of universals is the 
intrinsic or internal memory of the corticals, while the memory 
of particulars is the extrinsic memory of the corticals, or their 
common state. But these statements are still obscure, for the 
matter is one that cannot be expounded in a few words. 
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Thought itself is an active state of the memory of universals, 
and imagination is an active state of the memory of particulars. 
They may be conjoined and they may also be separated; for 
there are those who excell in the memory of universals and 
consequently in judgment, and there are those who excell m the 
memory of particulars or in imagination; rarely are the two 
memories entirely conjoined. But let us come to the causes of 
loss of memory. 

622. There are many causes; to wit, proximate and remote, 
and also internal and external. The proximate causes are the 
red blood and the purer blood. If the red blood penetrates all 
the way to those passages which lead into the tiny beds of the 
cortical substances, it not only stops up the pores, impedes the 
influx and empties the cortexand fibre, but it also moves the cor- 
tex from its place and thus takes away its faculty of change of 
state. Thus, with a deficiency of inflowing spirit, the cortex is 
unable to run through its states; and even if it does run through 
them, one cortical gland does not correspond to another, which 
has been moved from its seat; and thereby is destroyed har- 
monic variey, mutual respect, and order zvith its rules. The 
REMOTE CAUSES are those which are the causes of the proximate 
cause, such as mania and acute fever, besides an infinitude of 
other Uls. For there is no disease invading the cerebrum which 
is not the cause of some loss of memory. The internal 
CAUSES are over-intension of the mind upon one subject, and 
the resulting over-expansion [of the cortical glands] so thai 
they are incapable of springing back; or their over-compression 
so that they are no longer expansile and versatile; likewise their 
rigidity, laxity, etc. The external causes are the ulceration, 
wounding, or destruction of the glands; also the pricks of 
poisons, the biting of sharp-pointed percurrent parts, wounds 
inflicted on the cranium and on the cerebrum itself, tumors, 
hydatids, inflammations of the cortex, medullary substance, or 
meninges, rheumatic obstructions, divers sicknesses of the 
animus and many other ills. From the symptoms is known 
the source of the cause, and whether curable, permanent or 
deadly. 
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FANATICAL IMAGINATION. 



683. Loss of memory involves also loss of imagination and 
thought, for imagination is the active state of the memory of 
generals and particulars, and thought is the active state of the 
memory of universals and singulars; thus when the one 
perishes, necessarily the other also perishes. But there is a 
fanatical imagination, or an internal sight, — in the daytime 
almost without any use of the external sight or eye, except a 
very dull one; this is called HEMERAijapiA, and when it occurs 
at night nyctalopia. 

624. But before we can know the origin of such violent 
phantasy, we must first know what imagination is and what 
thought; also what is the difference between them, and how the 
one acts into the other. That imagination and thought are in 
themselves distinct faculties is a fact noticed in brutes; for 
these enjoy imagination but not rational or intellectual thought. 
And that they can be separated is a fact noticed in somnambu- 
lists, and also in every human subject; for there are subjects 
who excell in the one and not in the other, and the two fac-^ 
ulties rarely exist in like degree in the same person. Imagi- 
nation belongs to the cerebrum, but thought to the cortical 
substances of the cerebrum. Thus imagination is an active 
state of the corticals, that is, of the principal* parts of the cere- 
brum; that is to say, it consists in the whole cortical gland put- 
ting on changes of state generally; for the cerebrum can 
imagine nothing to itself except by means of its parts which 
are organic. Thought on the other hand belongs to the parts in 
the cortical gland; for, in that it is an organ, a little cerebrum, 
a little sensory, it must consist of parts, namely, of a pure 
cortex, which is the origin of simple fibres, and is disposed in 
the utmost order according to the most perfect form of 
nature. Thus thought is a change of the internal state of the 
corticals. Consequently, a like state of all the corticals in them- 
selves constitutes the gyre of our reason. 



*The word is used in its root signification as meaning "beginning^ or 



"originary." 
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625. From this description the nature of the state of fanatt- 
cal imagination is apparent, namely, that the cortical substances 
of the cerebrum remain rigidly in a state that has been once 
induced, and do not suffer themselves to be bent therefrom 
into other states. Therefore they do not dispel, dissipate and 
remove strange and illy consociated ideas that come to them; 
but either they absorb these and thereby immensely augment 
the idea conceived, or they reject them as non-concordant. For 
in every rational analysis there is a certain form compounded 
of particular ideas and these again of ideas still more particu- 
lar; among such ideas there must be a perpetual difference, in 
order that, taken together, they may constitute a certain 
rational harmony which is the same as the analysis itself; thus 
there must assuredly be insinuated relatives more or less oppo- 
site. These are not admitted into the sphere of this fanatical 
imagination. Moreover, if this rigidly permanent state, be en- 
kindled, made active and subtly tremiscent, namely, by some 
longing or grief, which is ultimately self-augmented, it then re- 
fuses all the objects of the sensible things that flow in by way 
of the external organs, and turns them aside, or else it admits 
them as exasperants, 

526. The cause of so dire and dreadful a phantasy is every 
cause mentioned above as being the cause of mania, phrenitis, 
and deliriums; thus every cause arising from an immoderate 
and acute heat of both bloods, from the hardness, unitioii, 
or grossness of the parts; from the blocking up of the arteries, 
corticals or fibres, — unloading into the veins and sinuses of the 
dura mater being denied them; consequently from the inflam- 
mation of the corticals. Likewise from sicknesses of the 
animus, namely, from grief thereof, sadness, the sudden ex- 
tinction of hope or a relapse from the highest degree of internal 
joy and natural light into the lowest, and into gloomy sorrow, — 
this event resulting especially from an excess of love or of 
pride. Moreover also from a most intense application and 
ardor of the mind, and from a confused convolution of ideas, 
and thus from the precipitation of the mind from a sphere of 
light into a sphere of shade, — and thus especially in the case 
of those who ardently desire to contemplate the state of the 
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soul after the fate of the body; that is, when intellectual faith 
studies to attribute the greatest part to itself. 

627. Moreover the state of the sight itself, that is, of the 
eye, is also usually perverted, namely, by inflammations, flux- 
ions, contusions, tumors; affecting its tunics, humors, uvea, iris, 
pupil, retina, optic nerve. Thus images are represented to the 
animus which induce a state unlike the things themselves; hence 
likewise come illusions and things imaginary. But so long as 
the mind is still sane such illusions can easily be dispelled, the 
fcu:t that they are sports and fallacious and fatuous appear- 
ances being well enough perceived. On the other hand, if both 
sights, the internal and the external, labor under a like sickness 
or rigidity then the evil is doubled. 

STUPIDITY, FOOUSHNESS. 

688. There are some who live obscurely, almost in the body 
alone and but little in the mind. Absent-minded,* senseless, 
heavy, stolid, ever confused, dull, they stick in generals without 
any particular, in universals without singulars; when things 
are said to them they perceive sluggishly and no more than half 
perceive; they take in objects in an indistinct way, and they 
have not even an inkling of the connections of things and of 
the superior forms and ideas resulting therefrom; they satisfy 
their inclinations and indulge their animus without reason; 
they snore night and day; hence they are obese and are thus 
subjects as it were midway between subjects of the animal king- 
dom and subjects of the vegetable. There are some who are 
born impotent and foolish, — a circumstance usually ascribed to 
magical art and poisons. 

529. Their cerebrum is usually watery, pituitous, beset with 
a sluggish and viscous phlegm, of large size without cultiva- 
tion, relaxed, loosed from its connections, languid, and thus 
confused and as it were moss-grown; also deformed, not 
rounded at the sides, sharp at the sinciput, an efUgy of which 
sharpness frequently shows forth in the forehead and face. 
The dura mater is flaccid, torpid, not well elastic; the members 
of the cerebrum are not given their proper place, sise and no- 

♦Animus. 
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tural connection; as is also the case zvith the cortex in its struct- 
ure, which in other respects is gross, sluggish, sparse and not 
entirely, still less, distinctly, formed. The cortical, beds are 
conglutinated and, not being erect, are inattentive, insensible, 
wavering, somnolent, stuffed, and like sons of a fat Minerva. 
The cerebellum holds the key of the kingdom, even in the 
daytime. 

680. The causes are many. The congenital or hereditary 
CAUSES come immediately from the parents by reason of their 
contrary inclination, or of some affection or imprudence of the 
gestating mother, or of compression of the head or other in- 
jury suffered in the womb. The contingent causes are from 
chronic diseases, cachexia* of the humors, malignant catarrhs, 
coldness of the blood, and a congelation as it were of the 
lymph. The acquired causes are from long continued re- 
mission of the mind and dejection of the animus, desires, long- 
ings and loves; that is, from privation of the heats of life, 
and defect of the spirits, — on which account it occurs in the 
Orged; from the giving over to the animus of the government 
of the mind, and from the giving over to the body of the 
government of the animus; from indolence, an immoderate use 
of sleep, gross aliments and drinks; likewise from a confused 
method used by teachers, undue Hogging, etc. 

somnambulism. 

631. There are some who at night are aroused as it were 
from sleep and, being half awake and with eyes and other senses 
open, move their members and body as though from wiU, and 
also talk, sing, nay, walk, go up and down stairs, and, like ma- 
chines, do with the body alone whatever is to be done; but the 
rational mind, which is still fast asleep, does not sit at the 
helm, that is, does not perform its due work unitedly with the 
body. Thus the external man seems to be awake while all the 
time the internal is separated or quiescent. Nay, the things 
done at this time subsequently withdraw themselves into the 



^Grievous distemper. In its bad haUt or diq>05itioD» an eTil 
root meaning the word signifies condition. 
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tnemory as though they were dreams. The subjects are aroused 
from this superficial life into internal and genuine human life 
only by the powerful affecting of one of the senses, by pain, 
by a fall, or else, at last, spontaneously. Who thence does not 
conclude that the imagination is one thing and the rational 
thought another, and that they have their being conjointly and 
can have it separately f 

532. As concerns the state of the cerebrum of somnambulists 
it exhibits nothing special wherein it differs from the cerebra of 
other persons; for somnambulism may happen with anyone, 
although with some it is a familiar trait. The cerebrum is in- 
deed erected and its folds separated, since the subjects are 
awakened from sleep. But the inmost cause lies in the corticals 
themselves. These can indeed be expanded, can engage in 
work, can cjtange their states and run through them, — but only 
in a general way; their internal state however lies still fast 
asleep and incapable of elevating and turning itself. Therefore 
nothing rational comes forth until those little cerebra are deeply 
awakened. On this account the cause of somnambulism is to 
be sought in the internal state of the corticals, and this is not 
apparent to the most acute eyes, even when furnished with the 
microscope, except by comparison with the larger cerebrum 
whereof the cortical substances are patterns. 

538. But the cause of somnambulism is usually a sleep 
penetrating all the way to inmosts, the imagination mean- 
while remaining strong and the operation of the spirits power- 
ful. The natural constitution is in vain visible in the cerebrum, 
being inseated in those tiniest cerebra, that is, in the cortical 
substances. From what is visible we may be allowed to sur- 
mise by comparison that the simple fibres of which the whole 
corpuscle of the cortical gland consists, are obstructed and 
steeped about as it were by an abundance of the first essence of 
the blood, which essence so compresses the most simple fibrils, 
nay, that most simple cortex which is the origin of the fibrils, 
that the internal state cannot be changed. Thus there is no 
thought ready at hand, stUl less any judgment and wUl such as 
is called rational. But these points are obscure so long as we 

23 
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are ignorant of the form and contexture of the composition of 
the cortical gland, 

INCUBUS.* 

634. It is called incubus because at night time it appears as 
though a spectre were incumbent upon the chest, taking away 
by its pressure, the faculty of respiration. The subject is as 
though awake but immersed in phantasms; for he seems to 
himself to wUl but to be unable to act, so that effect fails en- 
decK/or. 

636. The cerebrum labors from lack of arterial blood, ztrhich 
blood, vihen attracted from the cavity of the carotid,^ doe^ 
not penetrate all the way to the cortex, but, gliding over the 
surface of the meninx, falls straightway into the veins and 
sinuses of the dura mater; thus the vascular substance, which 
is abundant in the cerebral medulla, is emptied out, and so, be- 
ing thus extended and stretched, it implicates the fibres; the 
fourth sinust thus pours out but little blood. Meanwhile the 
spirit (Approaches through the vessels emulous of the fibre and 
flows into the cortex. Thus impotency of action occupies 
the cerebrum, nay, also impotency of sensation except in an ob- 
scure way. 

536. The cause is usually lying on the back, whence results 
a derivation of blood into the sinuses of the dura mater, — 
falciform and lateral, — and of but little blood into the cortical 
and medullary substances; for these sinuses occupy and en- 
girdle the posterior part of the cerebrum. There is likewise 
a compression of the larger arteries and veins in the body; 
thus the lungs, which receive all their blood from the heart and 
again transmit it, labor under a defect of blood. From these 
two causes, namely, in the cerebrum and in the body, the 
respiration is stifled; for the action of the animation of the 
cerebrum and of the respiration of the lungs is mutual and 
synchronous. Add to this also grossness of the blood. 



♦Nightmare. The word is de^ fi. e., its swelling in the cavern- 
rived from the Latin incubo "to ous sinus; see 410, note, 
lie in or upon a thing." ^he Torcular Herophili. 
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ECSTASY ENERGUMENE.'*' 

637. Ecstasy is taken in t/arious senses. It is as it were a 
state of body and soul separated, while life still continues; and 
it is believed that, the soul having meanwhile emigrated from 
its body, or even if it remains, the bond is broken. Some per- 
sons are wont to fall into ecstasy before the death agony, 
and in respect to the soul, to be elevated outside the world 
as it were, but to again return into their humble abode 
or prison house. Some also give the name ecstasy to the half 
dead state of those who have been shipwrecked, that is, who, 
after being immersed in the waves, are drawn out therefrom 
livid in body and face as though dead; but, hannng vomited 
the deadly water, and being restored by warmth, return again 
to their former life. Then also there are persons who, being 
suffocated and with throat obstructed, are often carried to 
their funeral couch and their grave, and yet revive. Certain 
species of animals, such as swallows,f bears and other species, 
pass the winter in a kind of death without food or respiration; 
and there are also cases of men doing the same thing; this 
life also is called ecstatic. In northern regions certain per- 
sons skilled in the art of magic are credited with being able to 
fall spontaneously into a kind of ecstasy in which they are de- 
prived of the external senses and of all motion, and with be- 
ing engaged meanwhile in the operations of the soul alone, in 
order that after resuscitation they may reveal thefts and de- 
clare desired secrets. It thus appears that there are many 
species of ecstasies, and that they agree in this, that the sub- 
jects lie as it were extinct in body, but with the interior life 
stUl remaining. Nevertheless ecstasy differs from cataphora 
and coma vigil. 

638. In persons subject to ecstasy the circulation of the blood 
seems to have stopped; for the pulse of the arteries is felt no- 
where except in the cervical artery, where it is very feeble; 
the respiration also is gone. Thus there is nothing which shall 



^Detnoniadsm. porary authors that swallows 

tit was supposed by contetn- hibernated, but this is an error. 
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elevate the muscles and limbs, either on the part of the blood 
or on the port of the lungs, — for both concur in all actions, 
especially the voluntary. The blood does not run through its 
aorta, that is, through the common trunk of all the arteries 
of the body; but that which enters the right auricle of the heart 
is carried off through the foramen ovale (which in these sub- 
jects should be open) or else through the coronary vessels, 
into the left heart, and from here it is taken up through the 
ascending trunk of the aorta and through the vertebral artery, 
and perhaps also through the carotid, toward the cerebellum 
and cerebrum; it afterwards returns by the vertebral vein, 
which issues from the cranium, and by the spinal veins, which 
run through the posterior region of the long spinal shaft, and 
from there it flows off into the vena azygos and for a short 
space into the inferior* vena cava, and thence back again 
into the right auricle of the heart. Such seems to be 
the circulation of their blood. As regards the cerebrum, it is 
still vivified by this slight amount of blood and at the same 
time by the spirit flowing in through the vessels emulous of 
the fibre; thus the cortical substances, and at the same time 
the fibres, draw a feeble breath; and so long as this continues 
hope of life remains in the cold body. Therefore for the lead- 
ing of an ecstatic life a peculiar disposition is required, — a fact 
which is also known from the inspection of corpses, and is 
evidenced in the sea-tortoise, ducks, and other amphibians; 
namely, in their heart and cerebrum and in the connection 
between the two, which contributes the largest share to their 
entering into and continuing such a life. 

639. The causes are many, to wit, as was said, suffocation 
of the throat, trachea, and bronchia by angina,'f of the lungs 
and stomach by the water of shipwreck, and by air; and, in 



♦Apparently a slip for suptrior. tition or respiration, or of both, 

fAngina, from a root meaning caused by a number of diseases, 

to straiten, narrow, was used by such as quinsy, bronchitis, sore 

contemporaneous medical writers throat, various inflammatioiis, etc 

to signify the inhibiting of deglu- (Boerhaave, Aphorisms, 7813.) 
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persons near the last agony, by the eruption of the blood from 
the arteries into the veins, together with a deficiency of the 
animal spirit. Nor would it be entirely contrary to reason to 
add that there are also some who are able to throw themselves 
into ecstasy by natural means, whence comes belief in magic, 

CANINE RABIES, HYDROPHOBIA. 

MO. Persons bitten by mad dogs are sometimes carried off 
by alternations into a like rabies, the nature of their blood or 
the inclination of their animus conspiring to this effect more or 
less vehemently or mildly. The disease is a species of delirium 
and wandering mania which in Certain subjects so inspires the 
life and blood, that they burn to lay hands on whomso- 
ever they may meet, and this even after the lapse of many 
years. It is said that the same symptoms are wont to result 
from the bite of other animals, nay, from the rage of excited 
men. 

Ml. To give the inmost causes of such phenomena is not 
in my power; for we ought to know not only the genuine 
nature and composition of the blood, but also the nature and 
composition of poisons and of their varieties. There are 
poisons both of the mineral kingdom and of the vegetable, 
and likewise of the animal kingdom; and of each of these there 
are many genera and an infinitude of species. Poisons are 
such things as do not concord with our red blood and vAth 
our purer blood or animal spirit. Such non^oncordant things 
are all those that, if compounded, cannot be dissolved, and if 
of a simpler nature, cannot be united, and which yet penetrate 
the vessels and fibres. They cannot be dissolved if they are 
too hard and compact; and they cannot be united if they are 
not yielding, concave, and capable of being applied to the con- 
vexity of the blood globules, as for instance, all saline, sul- 
phurous and urinous parts both primitive and derivative. 
Poisons, if they be sharp-pointed, cannot but pierce, tear, and 
disrupt the blood globules set in the gyre of the circulation; 
and likewise make them cold and conglutinated, impeding both 
solution and composition; and thus destroy the entire mass, 
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and at the same time, the capillary arteries and the fibres. 
There are also compound poisons which are at first ituiocuous, 
but presently, when they break out of their congeries or mass, 
go off into poisons exceedingly subtle, and thus everywhere 
infest the blood stream; for unless they are rejected the neces- 
sary result will be that a small supply of them will irritate the 
entire stream of the blood in its course through the vessels 
and fibres, since they invade the blood globules one after an^ 
other. But the real nature of poisons is knottm only from their 
effect; namely, whether they thicken the blood into a cold and 
glutinous mass; or destroy the regular modes of the circula- 
tion; or tear apart the globules themselves; or lie fixed in the 
vessels, fibres, and in the cortex itself whence arises dementia 
and fury. 

642. But as regards the poisons (aconita) of mad or Cer- 
berian dogs, we may be allowed to augur that they are minute 
frothy or salivary globules, — oval as it were and furnished with 
a somewhat rough tunic, — in which lies hidden a mixture 
of such poisons. If these oviform vesicles are carried into the 
fieshy structure by a bite, they remain entire for a long time; 
nor do they mingle in with the blood unless dissolved by heat 
and delay, when they produce terrible slaughter, destroying, 
that is to say, one globule after another, or else a number ai 
the same time. This may be the cause of the rabies returning 
at intervals. As to the more proximate cause [of rabies] we 
may not guess. 

TARENTISM, ST. VITUS' OR ST. GUY^S DANCE. 

543. Tarentism arises from the bite of the tarantula. The 
patients lie sometimes with members benumbed and, wonder- 
ful to relate, certain melodies excite them to dancing. De- 
mented, they leap like pantomimes,* and toss their limbs; nor 
do they come to, or are healed, except by a profuse emission 
of sweat. Not unlike is the case in St. Vitus' dance, for in 
this disease the arms and body of the sick person are contorted 
in a remarkable manner, and a similar kind of dance returns 
at Set intervals. 



♦Actors who express their art by actions and mimicry withoat q>ccch. 
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644. It is a well known fact that virus brought in by a bite 
is the cause of this phenomenon, but the nature of the virus is 
not easily divined; for there a/re various genera of poisons and 
innumerable species. Who knows the forms of each genus 
or species? their disagreements with the blood and other hu^ 
mors purer and grosser than the blood, and with the vessels and 
fibres f And who knows the analogy of the stringent and titil- 
lating prickles? We are ignorant of the presence of such things 
in the aliments that prick or soothe the papUlte of the tongue, 
whence comes taste; or in the streaming exhalations thai prick 
or soothe the glands of the membrane of the nostrils, whence 
comes smell; what then of those things that are taken in by 
no sensation! For whatever most minutely touches the organs 
of the senses, both of the sight and hearing and of the taste 
and smell, this same, and also its several differences, produces 
an affection all the way to the cortex or common sensory. On 
this latter it induces a similar state; for without variation of 
state the cortex would be inapt and impotent for sensation. 
Therefore these glands, being so many little internal sensories, 
are affected, that is, undergo suitable changes of state, ac- 
cording to every cause and variety of the forces and forms 
that How in. See above, n. 479. As is the state of the sensch 
tion or perception such becomes the state of the thought, and 
such also the state of the wUl; for sensation or perception, 
thought, and will, are in one series, since in the mind they 
mutually follow each other. Now if forms Howing in from the 
organs of the senses change so suddenly the state of the cortex, 
what then do not the analogous similar forms in the fibres and 
in the cortex itself accomplish; that is to say, the forms 
analagous to those in which is the state of the cortex when 
taking in those modulations with the ear and in suitable ac- 
cordance therewith leading the dance or tossing the limbs in 
leaping. As soon as the sensory, now dull and sluggish, is 
excited into this state, a like and analogous active force is also 
excited, just as one string is excited by another and concordant 
string. Nay, by certain harmonies, we ourselves are some- 
times moved to dancing. I have seen a hare taking in melodies 
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with pricked up ears, and which always leaped up at one cer- 
tain melody. But this by the way. It is inevitable thdt the 
poisoned corpuscles of the tarantula stick in thS -fibres or" else 
beset the cortex; which latter cannot put forth their forces un- 
til the sensory is excited into a corresponding and harmonious 
state; then, at the least such state, the poisons cause the cortex, 
thus excited, to fluctuate and leap in various ways; hence the 
gesticulation and the tossing of the members as though danc- 
ing. The effect teaches this with All certainty. Furthermore, 
these poisons are suitable to the blood of the tarantula but are 
by no means suitable to human blood; for persons who have 
been bitten by tarantulas or scorpions are cured by oil mingled 
with their blood; for the oil absorbs things homogeneous, and 
inmostly stores away such as can never be united with the 
blood of another. 



CHAPTER XII. 

VERTIGO, SCOTOMIA, LIPOTHYMIA. 

646. Vertigo takes its name from verier e (to turn). It is 
called simple vertigo or dinos"^ when the objects before the 
eyes turn round and rotate ; but this clears away in a moment 
It is called vertigo tenebrosa when many colors cc«ne before 
the eyes and the sight verges to darkness ; such vertigo is also 
called scotomia.^ In like ratio with the sight and sensation, is 
weakened also the will and the force of the muscles; the 
languidness thence resulting is called lipothymia. In these 
cases it is not the eye that is darkened, but the common sen- 
sory ; thus neither is it the muscle that grows languid, but Ae 
common motory. The sensory and motory organs of the body 
are only instnunental causes, or instnunents whereby tiie 
cerebrum sees and acts. Anaesthesia is the loss of the faculty 
of perceiving the actions of objects upon the organs of the 
senses. 



♦The G;-eek word for vertigo, fFrom the Greek word Scotos 
or giddiness. (darkness.) 
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646. When this vertiginous darkness invades the cerebrum, 
the arterioles grow pale ; together with the cortex of the fibre, 
they close themselves up; the cerebrum does not reciprocate 
its breathings and live, — for the corporeal life of the cerebrum 
consists in its animatory motion; hence arises vertigo. In 
simple vertigo however the cerebrum soon raises itself and 
recovers its spirits, while in vertigo tenebrosa or scotomia 
it is quiescent for a longer time. The like is the case with the 
muscles which depend on the wiH of the cerebrum. For as is 
the state of the cortex such is the state of the senses, the will, 
and the actions, since in them the fibre is everything, and 
the cortex is present in every fibre. There is also a species of 
vertigo when the cerebrum disposes itself to receive only the 
purer bk)od and holds the red blood off at a distance, — ^the 
latter then pouring immediately into the veins through the 
larger commissary vessels. In this state the cortex grows 
pale, the pia meninx is inflamed, and the sinuses of the dura 
mater are stuffed with cruor; and this is the more the case 
according as the patient lies with head thrown back ; therefore 
a forward and lateral position is demanded, otherwise he will 
easily fall into a deadly swoon. 

547. Every cause of the diminution, shutting off, and de- 
fect of the spirits is a cause of some kind of vertigo. The 
^irits are what course through the cortex and fibre and, by 
the mediation of the cortex, make a perennial circle from 
fibres to blood and from blood to fibre ; there are also vessels 
emulous of the fibre, as it were venous or return fibres, which 
convey to the cortex the purest serum. The causes of defect 
of the spirits belong to the body and to the cerebrum. Causes 
in the body are almost all those that are the causes of the 
hypochondriac disease [supra, n. 493, 494], namely, pain in 
the stomach and intestines, and the emptiness, nay, and also 
the excessive fullness, of these parts, which thus compress 
or stop up the mesenteric and thoracic ducts. Consequently 
it is caused by ulcers, abscesses, worms, coarse and irritating 
foods, poisons; for at contacts like these the stomach, to- 
gether with its vessels and circulatory pipes, is constricted. 
The constriction, blocking up and occlusion of the lyn^atic 
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passages in the pancreas and spleen, and, with women, in the 
w<nnb, produces the same effect; for the highly pure humor 
of the lymphatic vessels, when it is instilled into the veins of 
the body, is immediately withdrawn towards the cerebrum, 
since it is extremely light, serves the better blood as a vehicle, 
and carries on its own circulation. There is a like spring ot 
perennial lymph in the cerebrum, where it drips out between 
the arachnoid tunic and the pia meninx, between the cortical 
windings and folds, and between the medullary plexuses and 
layers; and therefore it has been chemically proved that the 
lymph of the cerebrum and the lymph of the thoracic duct are 
of the same nature. When the cerebrum is despoiled of this 
lymph the cortex straitway becomes faint and is rendered in- 
capable of action. Such an atrophy and drying out of the 
cerebrum is a cause of vertigo; for when the blood is too 
dry it cannot approach the cortex. Vertigo and languid- 
ness or lipothymia and swoon arises also from an excessive 
emission of the blood by venesection, hemorrhage of the nos- 
trils, or wounds ; also from excessive outpouring of the sweat 
as in baths; from an excessive exercise of venery; likewise 
also f rcHn sudden occlusion of the least pores of the cuticle, the 
inhibitk>n of the Sanctorian perspiration, cold, etc. Causes 
in the cerebrum are almost as many as are the sicknesses ot 
the animus which suddenly constrict the cerebrum and cortex, 
and expel the mind; such for instance as grief, sadness, fear; 
also, in certain subjects, anger; consequently all circumstances 
that produce such changes; likewise over-intension of the 
mind, especially when the sickness of the animus penetrates 
deeply into the sphere of the operations of the mind. Thus the 
cortex is closed and, with the compression of the cerebrum, the 
way of transit is interrupted ; nor does the cerebrum revive ex- 
cept after some delay and at the urging of the great need of 
the body. The more prone the animus is to changes, and the 
more sensitive the mind, so that the change deeply penetrates 
the mind itself, the greater is the procKvity to vertigo and 
swoons. Therefore this condition obtains more frequently in 
the feminine sex than in the masculine; for men fall into 
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swoons for the most part from causes in the body, while 
women, being more tender and sensitive, fall into swoons from 
all the causes in the body and in the animus, and from almost 
every sickness and grief ; to these causes is also added a cause 
arising from hysterical and other diseases of the womb. With 
some this evil condition exists as an inheritance, with others 
as an acquisition ; for when swooning returns too frequently, 
the cerebrum easily becomes accustomed to it, and at last it falls 
and faints away at a very slight stimulating cause. 

SWOON, SYNCOPE, ASPHYXIA. 

548. Swoon is also called falling vertigo; it is generally 
preceded by vertigo tenebrosa. Syncope is the name gfiven 
to a sudden swoon without motion or sensation, the patient 
being left with a very feeble pulse. Asphyxia is like syncope* 
but with the loss of the pulse. 

549. Simple vertigo is the first degree of swoon, vertigo 
tenebrosa is the second, syncc^e the third, asphyxia the fourth, 
and death the last. The state of the cerebrum of a patient 
in swoon is like the state of the vertiginous cerebrum, except 
that there is more or less defect of the spirits, and a longer- 
enduring or more compressed occlusion of the corticals or of 
the fibres ; both the quantity and the quality are known from 
the eflfect. When the cerebellum is deprived of its spirits, then, 
as in the case of asphyxia, the pulse of the heart and arteries 
also ceases. It is therefore superfluous to enumerate causes 
since they are the same as those mentioned above in treating 
of vertigo.* 

550. The proximate cause of the motion of the heart is 
the venous blood flowing into the right auricle of the heart 
A more remote cause is the blood which comes down through 
the jugular veins from the cerebrum as from some living 
fountain, and which ever excites the circle of blood to a con- 



♦Thc chapter on vertigo (n. 545 brum ; but by cerebrum is somc- 
seq.) mentions only the cere- times meant the whole brain. 
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tinuation [of its course].* A cause still more remote is the 
spirit of the fibres, or the fibres that flow into the praecordia,t 
— ^fibres which belong to the cerebellum alone. Therefore if 
there be a cessation of either the first, second, or third cause 
of the motion of the heart, straightway the pulse also ceases ; 
but of these points we have treated in Transaction I in the 
chapter on the Motion of the Adult Heart [n. 468 seq.; see 
particularly n. 5i^537» 555-557* 558-561,578]. Consequently 
any cause giving rise to palpitation of the heart may also be 
a cause of swoon. 

561. On the other hand the respiration of the lungs arises 
proximately from the incumbent and inflowing air according 
to its weight; the lungs themselves expel this air from their 
vesicles, being aided by the joint effort of the ribs and mus- 
cles which compress them. More remotely, however, the res- 
piration of the lungs arises from the cerebrum, cerebellum and 
medulla spinalis; for the fibres belonging to these three flow 
into the costal and other muscles of the thorax and abdomen. 
The causes of the cessation of the respiration and pulsations 
in swoon are therefore apparent. 

ATAXIA. 

662. It remains to be added that in all the diseases of the 
head enumerated above, that is to say, in swoons, vertigo, 
tarentism, mania, delirituns, apoplexy, epilepsy, etc., there is 
an irregular flow of the spirits, or ataxia. Ataxia is present 
not only in all diseases of the body but also in the sicknesses 
of the animus, nay, even in the desires of the mind ; in a word, 
in every change of the state of the corticals, — as is noticed es- 
pecially from the unevenness of the respiration ; but only the 
ultimate effect is called a disease. It is thus apparent how 
many are the diseases and how many the dangers into which 
the cerebrum alone and its will and sensation, or rather its 
inconstancies and changes, lead us. The universal cause of 
diseases, nay, of unhappiness and death, is that our will strives 
against the order of nature and opposes itself thereto. 

*qui circulum sanguinis taties comes down] excites the blood to 
ad continuationetn excitat, — lit- a continuation, 
crally "which as often [as it fThe thoracic viscera. 
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Chapter XIII. 

CATARRH AND RHEUMATISM. 

553. Catarrh is a disease which, for the most part, takes 
its origin in the cerebrum ; for the fact of there being a col- 
lection and inundation of some kind of enclosed) humor, slug- 
gish, stagnant, heavy, changing place and as it were worming 
about,— especally in the sinciput, and also elsewhere between 
the ethmoidal crest and the lateral processes of the dura mater 
which distinguish the cerebrum from the cerebellum, — is mani- 
fest to the sensation. Sometimes a dull pain is noticed, and 
also a sharp pain; this is followed by loss of sensation, es- 
pecially of taste and smell, dullness, languidness, a doubting 
and hesitant determination of the will and actions, loss of 
memory, and many other effects which result from the blunt- 
ing and dulling of the sharpness of the internal senses. 
After a time the pituitous matter usually begins to thin out 
and disperse, and to be eliminated to the outside by a num- 
ber of paths according to the leading of the nerves. It is then 
generally called simple rheumatism, 

654. Catarrh, properly speaking, is a collection, between 
the cerebral meninges,^^ura and pia, — of a pituitous and 
mucous ichor secreted from the arteries of the dura meninx 
if not from those also of the pia. It is believed also to be 
present between the cortical windings or under the pia 
meninx, and moreover in the interstices of the medullary sub- 
stance. But catarrhal lymph does not penetrate so far; for 
that which is collected between the meninges is prevented from 
thus penetrating by the obstruction of the arachnoid tunic, 
and also by the pia meninx; such lymph, moreover, is too 
sluggish, being as it were a mucous. Meanwhile, the dura 
mater which is an elastic and reactive suspensory, is contin- 
ually raised up and relaxed as often as the cerebrum tumesces 
and detumesces. Thus the collected ichor is pressed and 
driven about, and, in fact, by the leading of the fabric, to- 
wards the cribriform plate; for every motion of tiie cere- 
brum tends and determines thither as to its fulcrum. There- 
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fore the ichorous collections seek this place as their asylum, — 
which is the reason why they are wont to be constantly de- 
termined into the cavities of the nostrils. To prevent the 
stopping up of this pathway sneezing is usually excited, 
which is the forerunner of catarrh; for thus the wandering 
liquids are dispersed and the ways to the exits constructed by 
nature made plane. It is a known fact that innumerable fibrils 
of the olfactory nerve, surrounded by the pia meninx and also 
by the dura, pass through the foramina of the cribriform 
plate, and insinuate themselves into the cavities of the nostrils 
where they are disseminated throughout the mucous mem- 
brane. Between these two meninges little interstices con- 
tinually open out into the foramina. It is true that in col- 
lapsed and dead brains these interstices are found stopped 
up, and indeed so stopped up that, according to the testimony 
of Vieussens, not a drop of injection could be forced through 
them.* But such is not the case in living and wakeful brains. 
When all the parts are expanded, erect and distinct ; when, at 
the same time, they are in perennial reciprocal motion, and 
the very fibrils alternately compress themselves; then neces- 
sarily there must be open passage. Not only does experience 
confirm this, but it demonstrates it before the senses. Who 
does not sensate the pituitous collection from its very weight? 
from the pressure and pain ? and from the actual flow through 
the nostrils and throat? Add to this that there is no path of 
exoneration other than into the nostrils or into the nerves 
leading from the cerebrum. The existence of both paths is also 



*Vieussens maintained that in 
the natural state no pituitous or 
mucous humor is collected be- 
tween the dura and pia meninx. 
Among other arguments he ad- 
duces an experiment in whidi he 
injected some warm fluid between 
the meninges. Though the dura 
was swollen by the injection, yet 
the whole of the liquor was re- 
tained between the two meninges 



although provision had beoi made 
for its escape through an incision 
in the dura mater above a liga- 
ture placed on the medulla 
spinalis. From this Viensseos 
argued that there could be no ex* 
oneration of any pituitous humor 
from the intermeningeal spaces, 
and consequently no collection of 
such humor in those spaces. (De 
Cerebro, Cap. XVI ad, fin,) 
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proved by experience. The cranium itself is everywhere im- 
pervious, nor is there any opening except for the arteries, 
veins and nerves. The same is the case also with the dura 
mater. Nor are there found any veins to absorb this hiunor, 
except such as are thrown towards the sinuses of the dura 
mater. In this catarrhal state of the cerebrum the coarse 
meninx is for the most part slightly relaxed, and sometimes 
also thickened ; and, by reason of the interjacent moisture, it 
presses upon the subjacent arachnoid tunic and pia mater 
with their arteries. Thus, with the cerebrum carrying on its 
diastoles and systoles, the liquor is certainly driven around, and 
this, naturally, as was said, towards the cribriform plate, or else 
also towards the other corners of the cranium where the 
nerves have their exit, and where the fascicles of fibres unite 
together under a common sheath, namely, the dura mater. 
Thus this dissolved mucosity may also be derived towards the 
nerves, — ^but this path is a deviation. Consequently, accord- 
ing as the condition and mind (animas) of the cerebrum car- 
ries this humor, so it is determined either to the motor nerves 
of the eye, or also to the third, fourth, and fifth pair of the 
head,* or to the auditory nerves, or the gustatory ; thus to the 
ears, tongue, gtuns, cheek-bones, face; nay, also to the 
shoulders, arms, hips, and other parts of the thorax or 
abdomen ; that is to say, to wherever the nearest or more open 
path has led it. It is likewise determined towards the me- 
dulla spinalis ; for at the posterior part of the great foramen 
of the occiput, a passage opens between the dura and pia 
mater and afterwards, according to tiie connection of tiie 
same causes, between the fascicles of fibres going out from 
the spine ; consequently a similar wave is derived through the 
nerves into every quarter and part of the body. If it passes 
through the great intercostal nerve immediately into the 



♦These are, the oculomotor the muscles of the eye, and the 

(3d)» the trodilear or patheticus third includes the motor nerves of 

(4th), and the trigeminal (5th). the jaws and the facial nerves of 

The Rrst two are motor nerves to common sensation. 
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texture of the lungs it gives rise to suffocating catofrh* 
which is also called cardiac syncope; for the epiglottis and 
trachea are closed. But if it goes to the costal and other 
thoracic muscles the inspiration labors, — as in paraphrenOis 
[cf. n. 516]. If it goes towards the loins it is called rheu- 
matic lumbago; if to the hip, coxic't or sciatic rheumatism. 
The difficulty of moving oneself is called the sciatic pain, 
which is a kind of formication^ pricking the senses. Thus, 
according to the parts to which thia lymph is determined, the 
disease receives its name, and becomes more or less danger- 
ous. The inundation especially reaches the glands, such as 
the parotid, the throat-glands and others; also the g^anglia, 
wherein a number of nerves come together; hence results 
hoarseness of the voice or aphonia,\\ Nay, when such an ichor 
is determined in any one direction two or three times, it after- 
wards presses along that path as though the same had been 
made open and plane. Especially is it important to observe 
the quality and quantity of the ichor; also the sensibility of 
the part into which it flows, whether, for instance, the fibres 
flowing into the membranes and muscles be fibres of the cere- 
brum or fibres of the cerebellum. With the help of anatwny 
this is ascertained with considerable accuracy from the seat, 
quality, and quantity of the disease, pain, and danger. 

666. The causes of the secretions and of the catarrhal flow 
between the meninges of the cerebrum are many in number. 
The proximate cause is from the arteries of the dura mater, 
and perhaps also from its other filaments; for when com- 
pressed, the dura mater continually distills a mucous. It 
does not seem probable that the secretion ccmies from the 
arteries of the pia meninx ; for these creep in the duplicature 
of the meninx and their sweat is at once led oflf to between 
the folds of the cerebrum. The causes of the secretions, how- 



♦Dcfined by Blancart as "the tFormicatio, from formica, in 

highest degree of dysfmoea, or a ant The word is used to indicate 

sadden intercepting of the respira- a pain or irritation such as would 

don accompanied with redness of be caused l^ ants creeping over 

the face and stertor." the affected part 

fFrom the Latin coxa, a hip. || Complete loss of voice. 
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ever, are obstructions and inflammations; to wit: In the 
body, obstructions of the accustomed evacuations, as through 
the bowels, the womb, sweating, effluvia, hemorrhoids; for 
the fact of the retention causes that the serosities must be un- 
loaded somewhere. But the causes of the obstructions are 
many in number, being especially the temperament, the ani- 
mus, changes of the air, of cdd and beat, of food and drink ; 
especially when such changes occur in those members that 
are approached by many fibres of the cerebrum, such as the 
soles of the feet and the muscles of the occiput. Also m the 
cranium itself, for cold also penetrates the pores and sutures 
of the cranium and closes the communicatii^ passages and 
the veins themselves, — a large number of which pass out 
through the sutures and in other places; thus the paths of 
exoneration for the vessels and threads of the dura mater are 
entirely stopped up. Causes are also met with in the cere* 
brum, as, for instance, too great compression of the arteries 
of the meninx; denial to them of exoneration tiirough tiie 
nostrils; excessive somnolence and carelessness;* excessive 
remission of the animus and mind and also excessive inten- 
sion; for remission results in the cruder parts being drawn 
up towards the cerebrum, and intension, in the exits through 
the sutures of the cranium and into the veins being closed. 

556. There are many kinds of catartiis, for they are as 
many as are the determinations into glands, muscles, sensory 
otf^ans, members and viscera of dte body ; and especially, as are 
the kinds of serosity in the blood. The serum draws its na- 
ture from ordinary food, being that which is taken in by the 
mouth and carried into the stomach ; from atmospheric food 
which is drawn in by the respiration and which passes into 
the veins by means of the cuticles ; and from a still purer food 
which transpires through the most subtle pores. The red 
blood and the purer blood is impregnated by all these foods. 
There arc foods, exhalations and vapors which are less or 
more suitable to the blood and thus dangerous and deadly. 
When foods of this kind defile the serum, then, by the striv- 
ing and urging of the whole brain and body, they are re- 



Vncuria, excessive indifference as to the affairs of life. 
23 
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jected and expelled as tiiough enemies. H^ice a conflict 
arises, and there is a struggle for the arena, vessel or blood. 
From this cause also a secreti<m arises, and thence a moce 
malignant catarrh or rheumatism, which, when it breaks out, 
is more painful giving rise to excruciating pains and tormina.* 
This is the reason why the catarrh of one r^cMi is more dan- 
gerous than that of another ; nay, it is often the case that <^ie 
kind of catarrh prevails during a set time and attacks those 
with whose Uood it disagrees; for exhalations, — some ex- 
ceedingly subtle, — will arise from a certain part of the earth's 
boscxn, from the ocean, from clouds, from pestiferous dis- 
eases, or f romt change of seasons ; and these infect the air or 
ether, and thus the atmospheriq food just mentioned. 

RHEUMATISM. 

667. The name rheumatism is also g^ven to a disease that 
severely attacks the membranes, tendons and joints of the 
bones ; for it consists of a coIlecti<m of an acrid lymph mingled 
with heterog^ious substances and not suitable to the fibres 
of the membrane, tendon or joint The special seats of in- 
vasion are the popliteal spaces, the knees, loins and odier 
ginglymoid joints,t nay, and also the softer substances ; hence 
arise tumors, redness, indurations, frictions as when axles 
and wheels creak from not being gjeased with the proper oil 
or from being soaked with some other fluid; hence difficulty 
in bending the joints, excruciating pain, and many other symp- 
toms, — ^all of which spring not from the brain tmt from some 
other source. In the whole body there exists no joint, sodcet, 
symphysis, periosteum, or tendon, that does not demand 
its own kind of humor; for in each case there are glands 
near by, which prepare and proffer it If such humor be eidier 
defiled or lUi^timate it sticks, ulcerates the fibres and de- 
prives the member of the faculty of action ; hence come pain- 
ful results and so forth. » 



*The word is tedmically used fA ginglymoid joint or artiailai- 

to describe pains resulting from tion is one that permits motioa on 

oontractioa, such as the pains be- a single axis approximately trmns- 

fore and after labor, of dysen- erse to the long axis of the bone, 

tery, colic, etc. The knee joint is an example. 
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its. The usual cause is food, taken in through the mouth 
or admitted throtig^ the pores, that is hostile to tiie blood; 
consequently poisons and malign conditions of the air; the 
inhibition of the perspiration, circulation, or evacuation; es- 
pecially if the food is imbibed with open pores, as in heat, 
and then retained by reason of the pores being suddenly closed, 
as in cold, — ^in which case it suddenly makes an attack as it 
were, and widely scatters its inf ecti<^s. Causes of this atrocious 
disease are also the congenital beginnings of diseases, which, 
if they do not break out openly, inaugurate the disease with 
aomt fever and a slow inflammation ; intermittent fever cured 
before its time; high fever not thoroughly wiped out; the 
venereal disease not yet come forth; unfermented wines, cer- 
tain kinds of drugs, and infinite other things. But if a stag- 
nant lymph of this kind turns to pus it then corrodes and 
lacerates the bony matter, periostea and tendons and, con- 
suming tiiem, causes the most atrocious pain, as in arthritis. 
Ordinary rheumatism, however, is that disease which takes 
its origin from the catarrh described above, that is, from a 
lymph collected between the meninges of the cerebrum. 



Chapter XIV. 

CEPHALALGIA, CEPHALEA, MIGRANIA, OVUM, CLAVUS. 

559. Headache is either dull or acute; sometimes an agi- 
tation and a kind of palpitation is noticed. Thus headache 
varies according to its causes. When it affects tiie whole 
head it is called cephalalgia, and, if long enduring, cephalea; 
if it affects only half the head it is called migrania, if only some. 
portion, ovum, and if only a minute part, clavus. 

660. Either the whole cerebrum is affected with cephalal- 
gia, or one of its hemispheres, or one convolution, or some 
special cortical bed ; for the cerebrum is as it were articulated 
so that one portion may be sick while the other parts remain 
whole. The seat of the ill, according to its causes, is eitiier 
in the cranium, or in tiie dura or pia mater, or in the cortical 
substance itself, or in the medullary substance ; as for instance. 
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when a contused or fractured cranium presses upon the dura 
mater ; when the cavities of tiie cranium are obliterated and 
the diploe"^ is forced out ; if the dura mater is anywhere torn 
away from the bony wall of its cranium, — for the dura mater 
is attached to the cranium at various points as though by 
bonds; if the vessels penetrating into the cranium and its 
sutures, together with the other threads, be too stretdied, re- 
laxed, twisted together, ruptured, so that passage tiirougli 
them is denied ; if an ichor be collected between the cranium 
and the mater whence restdt pittings and cavities ; if there be 
an abundance of humor between the meninges, or between the 
windings and folds of the cortical substance; between the 
lamellae and plexuses of the medullary substance; if t&e 
humor in the ventricles be stagnant from the occlusion of 
its exits, of which latter there are many, to wit, a sq)arate 
one for each kind of humor, — for there are as many paAs of 
exoneration as there are species of liquor ; moreover, if cruor 
be crammed in the arteries, veins or sinuses and thus the 
cerebrum be somewhere inflamed, — ^for its health requires a 
moderate tempering of cold and heat. On this account 
\^ cephalalgia is distinguished int o^hoi and cqlj ; and by some 
into scorbutic, bilious, and pituitous. In addition there is also 
habitual or congenital cephalalgia, not to mention cephalalgia 
arising from some enclosed matter that is purulent or stale; 
from scirrhus growths ; from hydatids ; from the erosion of the 
parts. Moreover in the medullary part of the brain there are 
everywhere found receptacles or asylums of the blood and if 
these are obstructed this also causes the cerebrum to ache. 
In addition, there are the larger and lesser plexuses, and the 
various interstices between the layers of fibres; if these 
coalesce, dry up, expand, or become flaccid, they are disturbed 
from their natural position; thus headache arises from 
atrophy, atony, or ataxia ; likewise if turgescence occurs in the 
glands that are interwoven [with the medullary substance] in 
order to restore the tension. There is nothing more sensitive 



*Tfae cellular structure between the inner and outer bony plates 
of the cranium. 
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than die cerebrum,— but thus, there is nodiing more distinct; 
hence in such distinctions lies common sensation^ grievous sen- 
sation, cephalalgia, and pain.* 

S61. The several diseases of the head are usual^^re- 
ceded by a certain sjrmptomatii: pain, as in the case of apo- 
plexy, epilepsy, h3rdrocephalus, catarrh, fever, and so forth. 
But ordinary cephalalgia usually arises from all causes tiiat 
induce a diange of state upon the cerebrum, iidiibit the al- 
ternations of its animation, compress die whole or a part, 
and that irritate and prick the sensitive threads of die men- 
inges and of die cortical and medullary substance. The cere- 
brum is wont to be vdiemendy straitened, carried away, 
and pained 1^ maHgnant fumes and stendies, by fool vapors, 
and still more by pestilential ccmtagions and poisons. For 
when diese attack the blood and humors, including die purer 
humors, the cerebrum strives with all its breath and forces 
to expel them, and restore itsdf to its own natural state; 
and as long as this endeavor continues it creates a pain 
frequendy of an atrocious character, and this vrith increase 
as it carries itself over its balance and limit. The effect of 
foul odors is taught by experience. They affect the cerebrum 
according to the whole nature of their action. There are 
some that soothe and put to sleep; some that convulse the 
whole cerebrum and excite to sneezing; some that produce 



*IfuU communis census 0t 
gravis et csphalalgia dolargns 
talibus. Of the word dolorqus. 
Dr. A/Vilkinson, the Latin editor, 
writes that he so reads the word 
^ore by using guesswork than 
by attaining certainty." It "is 
written in a most difficult style, 
and the sense throws little light 
jpon die matter." We may add 
that in the diapttr on cephalalgia 
at the end of tiie MS work on 
fhe Diseases of die Brain (Photo. 
MSS, w)L V, i, p. 625) dim is 
a passage which seems to eloddate 



the matter. Translated, the pas- 
sage reads: ^There is nothing 
more sensitive than the cerebrum ; 
but its sensibilities or the de- 
grees thereof are like die degrees 
of the compositions. It is ap- 
parent from reason that the pain 
of headache is not a distinct af- 
fection of the single parts deeply 
subdivided, but of many parts to- 
gether, that is, of compounds; and 
therefore an obscure or obtuse 
affection is merely their extrinsic 
compression, divarication, con- 
cussion, inharmonious vibradon." 
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disturbancey and, bringing horror to Ae fibres, tning also dis- 
cord as it were; for the fibres of the olfactory nerves conmrani- 
cate with all the fibres of the cerebrum. But to resume. The 
causes of cephalalgia are also varied according to tempera^ 
ments. In the full-Uooded and plethoric the pain is umaUy 
excited by inflanunaticm ; in the phl^;matic by drying up; 
in the choleric by privation of the stimulating parts and tbns 
from lack of a mildish bile ; so also in tiie other cases. 



Chapter XV. 

HYDROPS, HYDROCELE, HYDROCEPHALUS, ASOTES, TYMPHAN- 
mS, LEUCOPHLEGICATIA, ANASARCA, HYPOGARCA.'^ 

(Here the MS. eftds.) 



^Hydrops or dropcj is the abdomco, etc; of the atme wlicB 

generic term; the other terms in- distended 1^ air; miBc leg; 

dicate the seat of tiie dropqr, dropsy of ^e whole fledi ; and of 

namely, dropsy of tiie scrotmn or the same when die hmnor is ^e- 

testicles; of the brain; of die ciaHy riscid. 
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B., 4ia: merely injects ware into 
artery, 146, iso; w. doe* no( prop- 
afate w.. 147! emry w, prMeot e™ 
to raaK '49- After reaolntloB. B. B. 
nm* ArotiBk new Wnirtarea, J46- <- 
•f R. B. in trance or ecituy. s)8. 
Festal C, 151. 3>V 

DISBASES OF B'B. 



EffeOa. SM: e. of enl 
•r*- D'a of Purar B. 
ief.. 473, Detect, of 



e R. S.. 116. S. B. 
hoiue ol body, 307; how, 310. I» 
the corporeal tool, age; the life of 
the bo^. 8<. No two B'l alike. 
303. Ctrcolar form of, 357; f. of 
fliudon of, lliK tbat of water, 157, 
Venou* and arterial B. diat, 138. 
Compoiitloa of. Si. UuK be viyified 
with aa. ap. in brain, why. Bf-6; and 
refreahed by lymph in auEdanan. 
36r. Cocreuundencx of, with an. 
ap., iiSi. Nonriihment of, ]8i-3, 
/oatf. B. of froB, *oo. and ^der, 
3D0, *04. State of, in aleop, 417. 
Changed la htart. B. and TCaael 
Fibrt; and aoinus, Piyehaloay. B. 
QJobula. Conadtuenta of, ii», 
JOi-s; A., *v 199. *>o, 357. Slie. 
14. 100. Color and abape, 199. llo- 
tloD. A.. 117. Contaisa aa. ap., 477. 
No lymph In, 199. li aoluble, A. aa. 



ODom., 173; 
P. B., when, 

,„. . ._ of A«. Sp. a c. 

ol YOtHrv S«% ^"L^^.^ 
the aeat at genubie caoae* of, IV* « 
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Bloom (diseases). 

Over-fltiidity of. m c. of insomnia, 
446. Thicness of. a c. of coma, 44 > ; 
when dry and thick, a c. of catalepsy, 
4S4. Hardness of. a c. of disease, 
465, 484*5; of death, 307, A., aoo, 
319; an effect and c. ot insomnia, 
A/^f when orer-h., a c. of fanatical 
imag., S36; also when over-heated^ 
536. Heat oi« a c. of coma. 44^; of 
olceration of cerebrum, 460. Ferer^ 
ish and dry B. an effect, 433-5, 445* 

J 85, and c of insomnia, 447. Too 
ry of lymph, a c. of ▼ertigo, 547* 
Too dry and heated, a c of cams, 
43d-5> Slngffish B., a c. of sleep, 
4a8. State of, in maniacs, 500-1; in 
catalepsy, 45a; ecstasy, 538; melan- 
choly, 481, 484. Melancholic B., 
49a; orig., 485; causes, 485: effect of 
m. on B., 486; m. of B., 489-8. 
Restoration of B., see above (Red 
B.). EVs of 8«rum. Over-much S. 
a c. of lethargy, 438. B. without S., 

^485. 

Bloodvessu. Fihrg, 

Body, def., 287. Fluid and solid 
parts of, enumerated, 370. Is in- 
ferior anim. king., xao. Form of, is 
soul in ultimates, 316. Is purely 
angular, 318, a6ia. Consists ot com- 
pound forms, 1^6. Is a perpetual 
plexus. aa8. Fabricated of fibre, 75. 
30a; from simple and compound f. 
and blood vessel, 30a; order of for- 
mation, xa8. B. proper consists of 
blood vessels, 376; blood the life of, 
86. Cort. substance in, 60, 6a. Is 
from eel. and spir. prig., how, 3x6. 
Universal B. is animated, a86. Sonl 
and B. B. must correspond to mind, 
37*^: effects of operations of m. upon, 
377- B. and Brain compared to 
world and heaven, 376; why distinct, 
ai4; br. present in every part of B., 
145; how, ai8; orgapics of B. cor- 
respond to o's of br., a^x. Outmosts 
of B. communicate with ixmiosts of 
br., how. 185. Actions of B. begin 
in cortex of br., 65. DlMasM of B. 
Diseases, weather. 

Bombs. Are soft before hard. 3x4. 
Orig. and nature of fibres of, xa4. 
Bregma, 450. Basilar B^ use, 106. 
Ribs, 165. Cranium, Effect of cold 
on, 555. Contusion of, a c of epi- 
lepsv, 459. Fracture of, a c of 
headache, 560. Wounding of. may c. 
loss of memory, saa. Injury to, a 
c. of cerebral ulceration, 460. Fora- 
men magnum, xi, 4i_5. Pericranium, 
Cribriform Plata, «, 68, 554. Ob- 
stnaction of, a c of sneezing, 47 x. 

Bowels. Excretions, 

Bbain. An architype of universe, 70. 
A superior kingdom, xao, 405; the 
K. of cort. gl., xao. The parts of, 
compared to atmosphere, 73. Exists 
before heart, ia6, ia8. Rule under 
which Swedenborg examined, 73. 
Uses of, can be seen only when it is 
set in motion, 87; the living and 
dead B. compared, 554, A, 34. Is 



in tranquility, ax4; the centre of aU 
active forces, 65. A conglomeration 
of little B's, 6x. Order and kar- 
mony of, 74; most perfectly ordered, 
7a. SpirsJ form ot, 375* f* ^t ^^ 
suits from f. of parts, 70. Asi^ of. 
Fibres are centre of, vessels are sur* 
face, x65*6. (jyres of, 44* B. of 
caif, fish, ox, puppy, sheep, sparrow, 
turkey, Motlona of, 87-8, Lungs, 
Animation the life of, 4^6, 449, 546: 
necessary to, 407; why, 88; general 
and particular a., effects of, 4^$-^* 
439. How M. of B. to be conceived 
of, 4x6. In intumescence, expresses 
Juice, 943. Abnormal M's. see be- 
low (Disorders). Cer. has faculty of 
II., xox; orig. of, 59; sensation de- 
pends on, 449; extraordinary M*s in 
]oy, sorrow, etc., 4a4, X07. Axiima- 
tion of corpora striata. 438. CerebeL 
has faculty of expansion, 99-xoi; M. 
of. spiral, xoo. Each cort. gl. ani- 
mates, way, 4a6, 449, spirally, a58; 
use of a. to nerves, ao6. Subi^nca 
of B. Cort. and med. S. descr., xx, 
i7» >9» 45> i'7; <Hst., 58; in fishes, 
ax. Compared to a tree, a3, 6x, 171; 
to a fishing net» 23, 131, a34. 

CORTICAL SUBSTANCE. 

C. and cineritious, dist., X7, 58. C. S. 
descr., X7-0, a2, aj, 58, xa7, 197; c 
of color, 58; A., x8, 22, C, S. at sur^ 
face, 59; why, 71: in ventricles, see 
below. Corresponds to med. S., 107. 
Nature of, kow learned, x33-6. The 
principal S. of anim. king., xjrx. C 
S. in body, 60/ 62, Pure Cortax, 
5a^. Interior constitution of, in- 
visible, 53a-3. Woven of ahnple 
fibres, a49, J974. 376: which are invisi- 
ble, 358. Of ccl. form, 305. P. C. 
and fibre (simple). 

CORTICAL QLAN08 

Are forms of forces of anim. world 
and of nature, 71, 65; the origins 
of motions, 59; abode of efficiencies, 
136. Are in vort. and intellectual 
form, the first of organic Ts, 306. 
Are true brain, X27, X3j, 475; or cet, 
proper, 58. 404, 475; A, xi, 17, ax. 
Are little brains, 76, ia6, a 19, 374, 
43x; glands, xa6, ax9: eyes, 59; mus- 
cles, ia6, ax9; wombs, xa6; hearts, 
59* 76, i35t ai9. Myriad in num* 
oer, 59, 107; why, x6a. Most abund- 
ant and active in sinciput, 3^6. Why 
so abundant in corpora striata and 
interior of br., x67. Motion of, see 
above, (govern pia and arachnoid, 
350. Correspond with muscles, 465. 
False G's, see below (Med. SO- An. 
sp. formed in. Bloods, Whether 
ipandular or vascular, ia8, 171: A, 
II, 17, ai, 46, 5a, 56, xa8. Minute 
vessels in. descr.. aa, 24-$, ta8-9, aoo: 
see below (ong.). Are chemical 
laboratories, 8t (Bloods), and as 
such are Comparad to Haart* 133 
■eq., 138, 76; as to surface. X44; 
number, i6a; ventricles, 141; vena 
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BmAiir (Cort Gl.). 

cavms, 171; arteries and veim, 137-8; 
a's and motor fibres, 155; rule over a., 
140; presence of H. in every point 
of a ., 145, 150; actuation of blood, 
146, 148, 150. Nature of, learned 
from H.. I3S- Shap«» Olspoaltlon, 
Ord«r. S., axo, 17. 197. I>- *nd O., 
59. In three degrees, 197* *» f*'' 
monious variety, 341, 197. Each free 
in its own space, 59; shown, A 17* 
X9, 46, X97. Have poles, axes and 
convolutions, 70; convoluted like a 
screw, 3^8. Eac^ has its own axis, 
68. Has follicle, X97, sad menlnx, 
orig. of, i72» ai9» 345- Confines and 
termini of, dist., 76. Orlg. Connec- 
tions and Nourishment. Anatomy 
laddnff as to O. of, 171. Woven of 
simple fib., a49> '7^ 300, S74- R^Md 
up by soul and purest blood, how, 
374. Produced from vessels of mid- 
dle nature, 123, X30; on which they 
hang, 465; see Bloods (an. sp.). 
Need blood vessels. A., so; consist 
mostly of b. Vsi see above (cort. 
gl.). Grow on capillary vessels, 6x, 
X85. like grapes, etc, 476, 19- Are 
from vascular terminations, xaS, 137. 
Are extensions of arteries, A. x8, $6, 
5S-5, xs8, 14s; or filters of a's, A. 
ai; sh. by injection, A. 17, 44* $»* 
54*5. No veins accompany cort. 
arterioles, A. X7, «, 55; or few 
only, A. so, xaS. Entirely depend- 
ant on arterioles, 368, 465. New 
C. G's raised up by vessels, when, 
ill., 167. Require abundance of re- 
solved blood, 438; A., 4. Have their 
own arterial trunks, 46$. One-third 
of blood goes to head, sx. is8. Be- 
dewed from ends of arteries, 20. 
127-8. An. Sp. of resolved blood, 
transmitted to, 477, Blood* (an. sp.). 
Unite fibres and vessels, xa8, X37 
seq.; beginning of f. and end of ar^ 
tery, 449. Look backwards and for- 
wards, X28, Fibre. States of. Cnn 
undergo infinite S's, 479; why this 
ability necessary, ^84. S^o; see be- 
low (functions, disorders). S. in 
sleep. 

MEDULLARY SUBSTANCE. 

See above (substance) Descr^ 9^* 
X24 seq.. A., 17, 21, 23, i«. (^rig., 
76; soft at o., 47. C. of color of, 58: 
A., 58. 23. Is fibrillar, 276; con- 
sists ot two kinds of fibril, X26, 26. 
Is a plexus of fibres, 231; A., 40. 
T31; of diverse orig., nature and 
function, X3x; like fishing net. 234; 
A., 23, X3x. Consists of fibres, ves- 
sels, 77, and ducts, xi8, x2<-6; Ts 
hold first place in, iia, v*b tne sec- 
ond, 128; like centre and surface, 
165-6. X28. Arterioles hardly dis- 
tinguishable from fibres. X28. Little 
blood in. sh. by injection, 17, 44, 52, 

f4-5* Why loose and spongy, 128. 
'abric of, corresponds to f. of 
nerves. 196-7; whv suitable for build- 
ing n s, X32. Grosser humors of. 



how exonerated^ 197. Use, u 
formed in and for motion. 132. 1 
termination of, in cer., 74 seq.; 
cerebeL, 94 seq.; med. oblong* toi 
"seq. See liso Fibre (Medullary and 
plexus). Abnormal Glands In. 
Orig. of, in disease, 130; A-. S^ 
use of A. G's, X30. 468. 560. CalW 
false G's. 130. Effect of corrupt 
matter in, 459; of turgescence of. 560. 

CEREBEL., CER. AND 
MEDULLAS. 

Cfcr., CbL and M's are four viscera 
of br., 405. Relations and connec- 
tions, 405. Fib. of cer. differs from 
f. of <iL. 24X. Fibres of cbL aU ei^ 
twine with fs of Cer., 230, 5«A m. 
M. Oblong., 98, and thus withM. 
Spin., 9X, 130, X47; A., 8, 17. .7™ 
fibres of Cer, do not mingle with rs 
of Cbl. and, M. Oblong., 89. 91; Ts 
of Or. join with fs of M. O.. 220. 
and M. Spin., 230; Fibres (nerves). 
Or. and Cbl. are distinct and in- 
dependent, 4x5. Or. may be de- 
ranged, and not cbL. 4x5; »tate then, 
516. Cbl is in one bed, cer. in 
many, xos. Are in attemate activity, 
421. Cbl. dej^rived of power when 
cer. acts from itself, 462. Share rule 
of bodv, 5x6. Sleep. With foolish, 
cbl. rules also in day, 5^- Y!P"* 
trleles. Uses of, 107, 413. Cort. 
substance in, A. X9-'X, 60, 117. An- 
terior Vs, 79; use, 361; receive an. 
sp. from fornix, 82. Third or mid- 
dle, 79; descr. 83; use. 361; receives 
an. sp. mingled with lymph, 83. Vul- 
va and anus, 79, 83. Septum lud- 
dum, 79* 83- Fourth V., 83. 9S> X09. 
S30, 338; is subject to cerebel., 40S« 
415; cort. substance in, 62; use, 36s- 
Over-full Vs. see below (disorders). 
Cerebellum, descr., 94. Cort. and 
med. in, 61, X7x; A., 7, 20-x. C3yre» 
of, 99; A., 7. Vemucular apo. or 
process (vermiform p.), 7. 61, 68, 90. 
Axes and poles, 99; p*s ot. 68. Med. 
centre, 17, 94; or corpus callosum, 7- 
Presides over natural actions, X03; 
over heart, 550. Wonderful connec- 
tion with stomach, 494- Qosdy 
connected with med. spiAalis, 420. 
Med. of, gives off no nerve. ^ 98. 
Peduncle of, 94-$, X09; attarhmmt 
of p., xox; p. gives off tiiree pro- 
cesses. 96-7; which spring from in- 
dividual trees, 94; see below (med 
obi.). Stote in sleep. Alone go ver ns 
respiration in epilepsy, 436. (jilawas 
scnptorius, 83. 95, xoo, 338; ose, 
365. Great valve (v. of Vteutsens), 
6x. Cerebrum, def., $8, 475: A., 
II, X7, 21. Gvres of, 7, xi, 44. 69. 
Long cleft in, in animals, 7. Fib. of. 
is most distixict, 560. Originates asa 
presides over all voluntary acts, 103. 
Relation to Lungs, (^an undergo in- 
finite changes ox state, 479; general 



and particular s's of, 431 ; s. in 
fulness, sleep. Motions of, see 
above. Requires moderate teaipcT ' 
ing of heat and cold, 560. Conneo- 
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BiAiir (Cerebel., etc.). 

tion witk womb, 497! tU<f 498' A 
Urge ffUnd and laboratory, 80. Lym* 
phatict in, 33^ ConVolationt of. 
wbj, 69. Hemiiipkerea of, deter, and 
use, 67, Poles and axes, 83; p*8, 68. 
Parts of C«rebrum. Whj so many 
members in, 87. Centrum orale. ss9, 
46a; or med. globe, 78; called cor- 
pus callosum, 78, 3, 17, ai, 47. 
Cords of Willis, see below (sinuses). 
Corpus callosum, 79; called true for- 
nix, 8a, 17: orig., 78; goal. 8s; use, 
7a, 8a. Fornix, 79; base m, or 
peduncle of cer., zoi; use, 8a. In- 
fundibulum, 79; use, 84. Pituitary 
gl., 79; connections, 84. Mammillary 
processes (Olfac. bulbs.), 90. PineiU 
gl., 79; use. 83. Nates and testes. 
70; use. 83. Peduncles of, are base 
ot fornix, xoz; or crura, 47, or begin- 
nings ox med. oblong, wbich are 
Corpora Striata and Optic Thai., 
47, 6a, 79, 104, 459; C. S., 6a, 79. 
453; are med. oblong, of cer., 104; 
animation of, 438; why abundant 
cineritious substance in* 167; fibres 
of. twined with Fs of cer. and med. 
oblong. , aa9; receive nerres of smell. 
66, 90: in paralysis. 6, 167. O. T. 
called C. S., 104; now and whence 
they receive fibres. 8a: receive optic 
nerves, 79- Medulla Oblongata, 
453; called AfeJ. SPin,, iz. Z9, 60. An 
appendix of both brains, 104, 404. A 
secondary sensory, 404. Crura of, 
see above (Corp. Str.). Not im- 
portant to determine what belongs to 
M. O. and what to cer., Z04. Course 
of, Z05. Cineritious substance con- 
verges to axis. 6a-4: why, 651 h in 
striae. 62. Determination of med. 
substance in, zo3a seq. Motion of, 
106-7, 438; direction of M.. 108^. 
Annular protuberance (pons Varolii), 
6a, zos, a3oj A., ao; use, 104; cor- 
tex in, 19, 62; fibres in, 98; nerves 
from. 90. Pyramidal bodies, 47; cor- 
tex in, 6a. 

MEMBRANES OF BRAIN. 

Vessels form fine M's. ao, X31. The 
dura, arachnoid azid pia maters, def. 
and dist. 340-1. Dura Matar. Is 
Msstve. a40. Held to be source of 
fibres and motion of brain, a4o. Two 
layers of. 340. Made up of vessels, 
a40. ^ Mucous secretion from, 555- 
Artencs of, are source of its activ- 
ity, 340; become exsanguineous. a40. 
Forms double and triple tunic over 
nerves, an; where it finally ceases. 
beinjr repaired in body, a4o. Con- 
nection with womb, 499. Palx. 78. 
Paccionian glands, zo. D. M. in in- 
fants. a4o. Arachnoid. Why treated 
of after Fibre, 335. Grig, of name. 
3af». 334. Anatomy, 3a8 seq. Most 

delicate tunic in body, 3}4t ,344. A 
universal duplicature of brain, 363; 

more continuous and superficial dian 

dura. 340; continued throughout cer., 

ce rebel, and medullas, 336 seq. A. of 



cer. joins A. of cerebel. azid they 
proceed as one over med. spinalis, 
337-9« Adheres to anterior of spine, 
why, 36^. Denser azid redder in 
zned. spizialis, whv, ^6$. Divided 
into more cells m mocaput, where 
cortex is more abuzidant, 346; also in 
med. spin., 347; why, 346-7* Has 
fewer ceUs in cerebel., zned. oblozig.* 
and end of med. spin., why, 3^8. 
No fat in, 33^ No blood vessek In, 
^22; is piez«ea by b. Vs, but contaizw 
few if aziy, A., 333-4- Uaaa of 



nectiozis, ^. Supports arterioles in 
all agitatiozis of braizi, 368. lU- 
straizu pituitons humor, 366. Covers 
begizinizig of zierves. A, 3a9, 33Z, 

23a; why, 3SA. Importance of, to 
ealth, 364. A ^rpetual Lymphatic 
Duct, 35s seq., betzig a coalescence of 
izifiziite D's into one, why, 303; cor- 
responds to L. vessels in body, azid 
the two perlzaps respect eadi other, 
and communicate, 36a; compared, 
360-z, as to structure, 357, 36a, ducts, 
338. Arachnoidal Lymph, 356, 
36a. Source, 339* and goal, 360-z. 
A. encloses chastened L., 34a seq., 
exhaled by pia, 345. and secreted by 
arteries, 34s, 490. Meetizig place azid 



course of this L., ^6^; its nature, 
344, 357; like L. of lymphatic ves- 
sels, 36a; proved, 547* F.xndrs a 
dew, 9 343. Moistened by dew from 
arterioles between pia and arachnoid, 

j; in intumescence of braizi, 343. 

mt to between fibres and fascicles, 
Fibres (nerves). Circulation of L., 
36a; communiozi, 363, and equation 



of, 350. A perezmial stream, $47. 
Use of, ao4, 3$z; softezis too slug- 
gish serum of pU, 367. Why not 



seen in corpse, 3Sa. See also Fibre 
(zierves, humors) and Lymph. 
Arachnoid and Pia Mater, descr., 

ia9-3Z, 333-4. A is upper layer of P. 
I., 336; why, 197. AttachmenU. use 
of, 349. Humor between, 34a. Inflation 
between zzo. 330-z, 333-4. 336, 344- 
Are governed by cort. gl., 350. Pia 
Mater. A double, and, with arach- 
noid, a triple M., a 17. (^zisists of 
vessels of a middle ziature, z68, Z74. 
Fibres azid vessels of, are cognate 
with Fs and v's of arterial tunics, 
Z7a. Is purely vascular. A. 3, 4, 
ao, 44f 53-4, 57; not fibrous, 344. 
Decussation of arteries izi. 57* 17a. 
Izisinuation of, 3, 54, 67; different in 
cer. and cerebel., 54, «7, z/a. Why 
Insinuation of, 3, 54i 07; different in 
Why more furrowed and arterial in 
sindput and zned. spinalis, 346-7. 
Purest stamens of, a97: are vessels 
emulous of fib., 174; form meninx 
of cort gl, Z7a. ai9, 345. Is second 
tunic of zierve fascicle, az6. Humors 

of P. M., 9. 54, ^97. 334» 344-S; ex- 
uded from outer, 344, and inner sur- 
face, 343-4. 555 ; A., 9, Z97, 3431 whezi, 
345; law of secretiozi, 350; use. 344*5- 
Fat in P. M., 9. 344; lymphatics in, 
10. 
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VESSELS OF BRAIN. 

See above (cort. gl. orig*)* Import- 
ant to dist. between V'a of B. aad 
V's of body, 176. Best blood goes 
to B., 85; one-tbird of Mood, ax, 128; 
importance of health of, to cort gl's 
and fibres, 4^5. Arteries have 
merely nervous tunic, x8a-3; why, 
176; which is first to be bom and 
last to remain, 182; is woven of 
corporeal fibres, 183, Fibre (conx 
F.)- Arteries of B. are passive, 178, 
to fib., 140, 220; like surface to 
centre, X65-6; lose almost all reac- 
tivity, 220; but yet must be called 
a's, x68; transfer their life to fih., 
why. 156. See also above (cort. mod., 
membr.). Internal carotid, 16, 46; 
is proper to cer., 409, 4x5; how freed 
from aeart, 140; cavity of, 408, 4xo» 
535. Vertebral artery, 538, 46, is 
proper to cerebel. and medullas, 409, 
415; communicates with carotid, 409; 
V. vein, $3%, Choroid plexus, 21, 79, 
82; use, 83-4. Rete mirable, def., 

au SInuMS. Constrtiction of, 454. 
ow expanded, 454* Use, X07. 
Longitudinal S., 536; in deep 
thought, 4s6; a suocenturate L. S. 
use, 45 x; cords of Willis, m; A., 
2; use, X78, 452. Lateral a's, 45>» 
536; sometimes intercommunicate, 
why, 45 X. Fourth S. or torcular 
HerophMi, 453*5> 535- S. of sella 
turcica (circular S.l and recoptacula 
cavernosa (cav. S's), 79. 

FUNCTIONS OF BRAIN. 

As seat of soul. Cort. gl. is in in- 
tellectual form, ^06; is abode, 278, 
and first orgamc f. of S., 374: 
whence S. inflows into bo<br, 473» 
with her light, whence thought, 474* 
S. actuates her rational minoT in cort. 
gl., 484, 503, 520; flows into r. m. ac- 
cording to state of c. g., 479, 473; c. 
g. is a symbol of r. m., 1^1, and of 
our understanding, 475* Cort gl. is 
abode of mind, 374-5; state of m. 
depends on health ox c g., 474, 479* 
c. g. must be aroused before there 
can be rational thought, ill., S32; 
receives influx of intelligence trom 
soul and of images from memory, 
being passive to both, 5x0. Cort gL 
is seat of memory, 521, and imag., 
A, XI ; its parts being the seat of 
rational thought, ^4. State of 
cort. gl. is s. of xnind, 479* sense, will 
and action, 546. State of cer. is s. 
of animus, 479; cort gl's together 
constitute a., 475* As Sensor/ 
and Motory. The cerebel. is 
the common spontwieous invol- 
untary m., 404; not a s. or only 
an obscure s., 404; sensation by, 
494. The cort cer. is the common 
s. and voluntary m., 404$ 4*2; or c 
V. s. and m., 449: is most sensitive, 
how, 560; oriff. ox its faculty of sen- 
sation and unders t anding, 479-0. Cort. 
gl's are internal s's, 474*5; or or- 
gans of the intemafl sense, 520; are 
little s's, 59, X33, 374. Cort sub- 



stance is the common s. and c, vdun- 
tory m., 474; being the last of sen- 
sation and ue first of action, xs7> 
449; containing the beginning of au 
bodily Mtions, 65; is affected to ae- 
tions by sensations and also by prick- 
ing poisons, 544; end according to 
nature of perfluent fluid, 478. m 
cortex is a likeness of things in ex- 
ternal S's, 145. Bfedullas are sec- 
ondary sensories, 404- 

DfSORDCRS OF BRAIN. 

Operations of, in dying. 352. Ce'- 
subject to many vicissitudes, 458, and 
diseases, why, 55?; d's of. * c._of 
false glands, see above (medul.). Cer. 
may be deranged and not cerebeL, 
415; state of, then, sx6. ^Se^^ 
causes of phrenitis, 5x0; and vertigo, 
547; state of cerebeL in v., 549- 
Chief seat of febrile defirim^ s»^ 
How cer. endeavors to expel epuepey, 
462. Generat animation i n l ower 
part of, in lethargy, 43^ Obstruction 
of. a c. of sl€€p, 4*8; also ever^fnll 
ventricles, 413. In apoplexy, cerebeL 
alone respires, 43^. Lymph m cer. 
a c. of catarrh, 554-5. StagnMt 
humor in, a c of headache, 560. 
Phlegm in, a c of foolishness, 5^; 
sUte in f., 424. 529; "U 2**™»rc5o.i ; 
in drunkenness, 5x0. Effect of in- 
sanities on, 434. In foolish ccr^>eL 
rules by day, 529. _ I>«>I»»cal B s, 

77, 344; A., 3. 4, .!«• ,Ca»«£» ''^r'^^X. 
tion ot B. diassified, 400. Corporm 

striau in paralysis, 6, X67. ^Df« of 
Cort. Subatancet 127. Inability to 
change state, a c. of loss of memory, 
522. Why sometimes unable to ex- 
pand, 455; c. and effects of over-ex- 
pansion, 522. Cort ri's swoOen m 
cer. dropsy, 3, 4* 4<- Inordinate^ mo- 
tion of, a c of epilepsy, 458« vhrex^ 
relaxation or torpor of, a c. ot 
tremor. 468. InabiKty to animate 
may be a c of convulsions, 405- 
Woundfaig of, or poisons, or red 
blood in cort beds, a c of loss of 
memory. 522. Inflammation of, 197, 
a c. of fanatical imag-^ $26, Denial 
of blood to, a c. of nightmare, 53s. 
and catelepsy, 449*51 ; sUte of ce™^ 
in c. 452. Conglutinated in to<iisli, 
539. Rigid in mania, 501. and fanat- 
ical imag.. 5*5. State in d««innm, 
5x3-5. melan.. 484, and somnanibnl- 
ism. 532-3. How affected to produce 
St Vitus^ dance, 544- D'« of Dyra 
Mater. Blocking up of. a c of 
fanatical imag.. 5^- Inflammation 
of, 453. Stote of, which causes apo- 
plexy. 414. State of, in catarrh, 554- 
5: in catalepsy, 452. I^ion of. a c 
of headache, 560. Non^clastic m 
stupid, 529. Rigid in delirium, 515- 
Rigidity of, a c. of catalepsy, 545: 
and, with ulceration, of epflepsy, 549- 
D** of Arachnoidal Lymph. De- 
fect of. a c. of convulsions, 465. ««1 
vertigo, 547- State of, in maniacs* 
50X; in hydrocephalus. 35 >• Sub- 
aradmoidal serum, a c. of lethargy. 
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Tlid<t a c of •popleiT- 

ly* of pfa Waiar. loSui- 
B oi. it^ S46. state in rata- 
luriJrDcqpIwliu, A. J,. 4- 
vorrupi nuQar nudcr, a c of cfil- 
I'P*ri 450' Biglil in, dbliriiUB. lij. 
D's. of VmvI*» OiMT-uaprenua 

■Uuctign of iab avatid. * c, of 
■paf^ugp. 4o*> ♦'T; o- •* •biu«m,« 
c at citiivay, M-iy 4ni c of o^ 
414. Sute la. Ter&cs, Mif, 



CoHiiiaiaHt. PettOentUI ■ e. W b 
•Che, why, »«'-„C, 4i"'v ^Ua 



foiau, *t*. B, A, af Torfc font, m. 
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put put on. ill., 171. 
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unely. niilt of 
D. ot fibre, 376, 
, D*! of body. 



■till higher D*!, namelyt 
■011I, but thii it not a T 
Connectioii* between 
aniiBMi, mind and ooul, 48j-3; com- 
munion of causes in blood, a. and m.. 
Soa; infltuc of I^s of body, a. and 
»>•* 377 ^' D'a of Mind are of 
purest blood, and are penrerse states 



of m., 374; •uch a p. s. is insanity, 

?;o7>8; which world csUs sanity, sotf; 
t is an intemsl c of sickness of the 



animus, 508. Orer^heated thought a 
d. of purest blood, 374. Intense ap- 
plication of mind, a c. of fanatic 
unag., $a6; of catarrh, jss; of loss of 
memory, how, 523; of vertigo, S47* 
Over-remission of m., a c. of ca- 
tarrh, ^s. Disturbance of intestines, 
by m., 377. Desires of m. with cupid- 
ities of animus, a c. of insomnia, 446. 
See also Psychology, and below (D.'s 
enumerated) D** of Animua* 
closely concern influx of soul into 
mind, and are of an. sp^ 473. Medi- 
cal men recognise as Irs, only Hti- 
mate degrees, ill., 5x8. Require de^ 
investijntion, 473-4. Enumerate<i^ 
473- sickness of A. the int c. of in- 
sanity of mind, <o8, and vertigo, 547; 
a c. of fanatical imag., $36; of fi^s 
of bodv, %B6i excitant of eirilepsy, 
461. rassions of, a c. of insomnia, 
^46: of ulceration of br., 460. De- 
jection and over-indulgence of, a c. 
of foolishness, S30» <>'>• of, a c. of 
catalepsy, 455; o-intension or remis- 
sion of, a c. of catarriL 555. See be- 
low CD's enumerated). DIaeaaea 
Propar are of red blood and body, 
373. 381 seo. Remedies, modical. D*s 
of body, det. and orig.. 336, 375; do 
not extend to simile fio., 347. Four 
general causes of, 380-7, 390. In- 
most, 389; mediate, 391; ultimate, 
393; outmost, fortuitous and volun- 
tary, ji88; hereditary and acquired, 
393. Causes recapitulated, 394. Con- 
stipation of bowels the ultimate c. of 
IVs, 393 Effect of D's on feces, 

{83. Excretions, Contagious, D's. 
^s of Broin, 

DISEASES ENUMERATED.* 

Aphonia, S54* Apoplaxy, 137. Def.. 
406. To unaerstand c*s of, requires 
Knowledge of whole brain, 40 «, 449; 
6*3. 395, 407, 409-XS- An efrect of 
epilepsy, 463. I>isposes to tremor, 
468. Irregular flow of spirits in, 553. 
Kespiration in, belongs to cerebel. 



alone, 436. When deadly, 430. A. 
and parsfly., dist, 39^ ; and cams, ^36. 
A. lethargy and hjrdrocephsflus, dist., 
439* A. of hsif cer., c, 408. An- 
»atliaala, def., 54*. Angina, ef- 
fects of, <39. Arthrltla, c, 5^8. 
Ataxia* del, 553. Caoochymla, 



*Many sRections caSled by our author 
D's are generally supposed to be 
normal human affections, for example, 
hatred, avarice, etc. We have, there- 



•07, 44St 513. . C. from fear, a86. 
Carua, def. and descr., 433 •eo. Ua^ 
derstood only from knowledge ol 
whole brain, ^49; c. of, 433-5» 445; 
Coma, a speaes of, 441* ^ *nd 
apoplexy, dist., 436: and lethargy, 

fi8. Catochus or Catalepay, 137. 
klled congelation, 448. Descr., 4^8 
seq. Seat of. 449* understood only 
from knowledge of whole brain, 403- 
C% 449-54; dasdfied, ^$. Why 
blood turgid in, 45<; effectSu 4S4- 
Why genersUy mortel, 434- Natursl 
C, descr. and e's. 4S^ Catarrh, 

Sio. Descr. and def., 553*4- Many 
nds of, descr., 556. Seat of, gen- 
erally in cer., S54. More dangerous 
in one place titan in another, 556. 
Easy recurrence of. SM- Catarrhal 
flow, c. of, 555. Suffocating C. c 
and del, 554* C and rheumatism, 
dist, 5S3 seq. Cold (in index). 
Colic, effete of, 493* Cataphora, 
dvala or Coma, 440 seq. uaderw 
stood only from knowledfe of whole 
br., 405; c's, 441-^ A spedes of cams, 
441; ot lethargy, when, 443. C 
febrile. 443. C vigil and somno- 



lentuni, del, 440; non-morixid C v., 
desc, 443. C and insomnia, dist., 
446. Conatlpatlon (Index, Excrf 
tions). Contraction or Convulafona, 

466, 137. Sources of, diffier, 464. 
Can be reduced to one dis^ 464; e's, 
465. C in fever, 463. Whether fol- 
lows catalepsy, 454. Febrile C orig.. 
465; and ordinary, disL, 464. C and 

Siralysis. dist., 403. Tonic C, 4^ 
ontraction a spedes of, 466; oiig.. 
466; siso hiccough, sneesing and 
coughing, 470-1; spasms and tetanus, 
464. Spasms, emprosthotonos, opisth- 
otonus, del, 407; camic s., 137, 

467. Dropay, various qwdes of, 
36 X. Emphraxy, del, 197. EcataajFf 
trance or energumene, det. and classi- 
fied, 5^7; c's. 339. State of blood 
in, 538. Why peculiar disposition 
neoesarv for, 538. Self-induced E^ 
539. Demoniacism, 337 seq. Ema* 
claftlon, a c of, 486. Epllap«y» 
desc.. 457. Requisitea for under^ 
standing 405f 449; c's 457^ t «»" 
dtant c, 461-3. Concesled seeds of, 
in cer., 461. Follows catalepsy, why, 
45 1. Is recurrent, 461. Sluggish 
arachnoidal lymph in, 331. Irregular 
flow of an. sp. in, 553. Effects, 463- 
3; disposes to apofiexy, 463; to 
tremor, 468. How cer. endeavors to 
expel, 463. Epileptic matter, 459- 
E. and tetanus, 467. Favara, orig., 
307. Coma, a precursor of, 44-3; also 
wakefulness, 445; w. in, why, 447- 
Convulsions in, why, 465. Acute P. 
a remote c. of loss of memory. 533- 
Bilious P., 378. P. a c. of detlrnnB, 
513; in pletiioric subjects, a c. of 
catalepsy, 454. Intermittent P. aaay 

fore, listed these vnder Psychology 
(affections of mind and animus), and 
have confined the pre s en t list to what 
are medically rega r ded as diseases. 
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DitMASMM (Eanmeraitcd). 

dlspoie to tremor, 468; premattirelj 
cured, m c of rheomatisin, 558. Mm- 
Utnant F. m c of ulceration of brain, 
460. Qiiatem F. a c of catalepsy, 
454. Fereriah blood. HMdach^. 
Classified, S59-o; c's 560-1. 
Varied according to temperament, 
c6i. Olrdinanr H., 561. Hereditary 
H., 560. Migrania, 559* Qavni 
Iqrttencns, orig., 499. Hlecouoh, 
470. HoarMnaMv c. of, 554- 
HydroMphalutf 1*7* ilo< S6i. 
Cerebral dropsy, 197. Requintes 
for understanding, 405. State 
of brain in, 77; of araclin<»idal 
Ijini^ 3^1. Apoplexy and, dist., 439* 
Hydropnoblav descr., S40. Inmost 
c of unknown, 541. Effects of, en- 
dure long, S40. w^r, 54J. Poison of, 
descr., 5^. Lycantliropia, orig., 503. 
Indlgaatloni 493; a c. of melancholy, 

}85. Inaanlty* etc I. def., 507-8. 
. of mind, interior c. of sidmess 
•f animus, 508. I. a dis. of body 
and animus, 473. Medical I. descr., 
508. Orig.^374* Orig. of strength 
in, 504. Effect on cer., 4^4. L 
mania and fury, dist, 504«» £07. 
Furious emotions, c of, 460. See 
siso Psychology (affections). Majtia, 
x^7f 473; the last of melan., soo; 
why, ioz; orig., 503; c., 526. Mani- 
acal D's, 505; orig. ox stremrth in, 
505: fury m, 503; irregtiar flow of 
spirits in, 55J. State of brain in 
mania, 501; of blood, 500-x. Mania, 
a remote c of loss of memory, 53a. 
DsLiBiUM, c of, 5a6; a dis. of body 
and animus, 47^; usually with fever, 
descr., 5>^3; f . a c of, 513* ^^ 
brile deurium, 512 seq.; is chiefly of 
[16; state of cortex in, 513-5* 
lar flow of anim. sp. in, 55a. 
Delfrium originating in ayponstric 
region, 489. Drunkard's delirium, 
509 seq. : varied in subjects, descr.. 
six; def. and c of 509. State of 
cer. in drunkenness, 500-10. Ik- 
BxciLmr, a dis. of purest blood, 374- 
FooLiSBHSss, 528 seq. F. and ex- 
cessive concup i sc en c e , dis's, of purer 
blood, 373; c's. 530, 430, 444- An 
effect of epilepsy, 463. State of 
brain in, 539; effect on b., 434, 539. 
Why the foolish have sharp faces. 
539. STVProrrr, 538. A. dis. ox 
purest blood,, 374. Cs, 430, 444> 530. 
Fanatical iMAa, 533 seq.: c. of 
535-6. Perverts eve. 527. Its illu- 
sions easily dispeliea by sane mind, 
%27, Weak imag. a dis. of purer 
Hood, 373. Insomnia, Sloep, Lan- 
Ouldnaas, 547. Lipothymia, def. and 
orig.. J07, S45» 547- Lttharay, def., 
437. Called vetemus A37. Cs, ^38- 
9. L., apoplexy and hydrocephalus, 
dist, 439* L. and carus, 438; and 
LoM of Mamory, 



atic, 554 Melancholy^ deliriuM 
and, 473 sea. The last of mania 
why. 503. Hereditary M., 485. 



Descr. as a dis., 5x8, of an, sp., 37J, 
of body and animus. 473; c.. 85; c's 
classified, 533. Weakness of M. eilect 
of over-sleep, 430. Vague M. elfect 
^••f epilepsy, 463. LumbaoOf rheum- 



and, 473 sea. The last of mania, 500; 
ly. «03. Hereditary M., 485. Is a 
dis. ol body, animus, mind and soul. 



483; of Durer blood, 373. Is medic- 
SBy a dis., 481, or sickness of bo^ 
and animus, 473. M. of bloo4^ 
animus and niind, intercourse ot, 
486-8. Causes of Imteria and M. 
penetrate to mind. xm. M. of souL 
def. and orig., 488; of mind, 487; of 
animus, 483; orig., 486; of body, 483. 
Not a dis. but a state of blood, a8i. 
Saiifuineous M., c*s, 485-6. Melan- 



cholic blood, 49<* 
cording to character of subject, 481. 
State of cort f|'s and bloods m, 484. 
Hatred of selxTa spcdes of M., 483, 
Obstinacy a feature of, 481; why, 
484. Wl^ sensation dull in, 485. 
Melancholies are Hke women, 481. 
Vague M. del, 493; c of, 493'4« M. 
a c. of catalepsy. 45A. Htpochomhha, 
a melancholic dis., aef., 489; c*^ 490- 
x. H. and ktstbiia, 497. Vague 



Hyp> causes of, 494* Hys. a melan- 
colic dis., def., 497; c's. S47* P^n* 
etrates even to imnd, 185. A c of 



vertigo, 547. Memory, see above, 
Ooss) Nlphtmara, Sloep, Nyctal- 
opia and hemeralopia, def., 533. 
Paralysis, 137. Orig., 197, 307> 
and c, 395-<^ When more univeral, 

403. When called paresis, 401. Cor- 
remndence of, 378. An effect of 
epilepsy. 463. ArachnoidsA lymph in, 
^51. Why muscle soft in, 401. Ef- 
fects, A03; may dispose to tremor. 
468. When curable, 40X-3. P. ana 
apoplexy, dist, 395. Hemiplexy, def., 

404, 4x6; Cs/ 4x7. Paraplexv, def., 
404, 419^- Parapoplexy, 418; def., 

f04. Phrsnltls, 5x3; c. of, 514* S^6, 
s chieflv of cer., 5x6. Paraphrenitis 
is chieftr of cerebeU, c of, 5x6; 
great pam in, 5x7; respiration in p. 
and catarrh, 554. Phtlsis, def. and 
orig.. 307' Rheumatism, del, 557; 
c. ox, 558. Seats of, 557 Easy re- 
currence of, 554. Heremtary R., 558. 
R. and catarrh, dist, 553*4* ordinary 
R. and c 558. Rheumatic lumbago, 

?54. Coxic and sciatic R., 5jS4. £f- 
ect of rheumatic obstructions on 
cortex, 533. Stupor or torpor, orig., 
i97> 4^ Suffocation, state in. <37. 
A c ot ecstasy, 539. Swoon, def., 
548. C of, 550. Apt to become 
habitual, why, 547* Often disposes 
to tremor, 468. C^. in, 549. Irregu- 
lar flow of an. sp. in, 553. Degrees 
of. 540. S. syncope, ssphyxia, dist, 
S48; S. and vertigo tenebrosa, K4B, 
vertigo, 845 seq. : descr. and classified, 
545*6; c*8, 546*7; c's peculiar to 
women, 547. Irregular flow of an. 
sp. in. 553. Best position in, 546. 
Tarontlsm, descr. snd c., 543. Cure, 
544. Stste of sn. sp. in. 553. T. 
snd St Vitus* dance. 543; c, 544; 
are dis's of body snd snimus, 473.. 
Tetanus, a species of convulsion, 
464; of epilepsy. 467. Torpor of 
Limbo, c's, 469. Tromor, c's. 
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ThMUan (Eamaeratod). 



Vm 



I 



4^* Tynfi|Niiiltl% 961 

t^ S$«. V0lllltlll«» 40>3' 
DinvB. God, D. Proridenoe, 389. 
DocnzvB C9rr9$pon9ne^, Form, OHrnr, 



Dmwvi>o, a c of eosUtff, $39- 
J«. 537. 
Ma 



tsdk^L 

DMmmmmwm DUtaset (Isiaiikj). 

Ducts def., 130. D. tnd veMeL ditt, 
119. Wlqr caMed IX. 119. Fatoe I^s 
in oer., 130. Thoracic D. Lytm^k, 
Ductot arteriotm, and Tenosas F%9r€ 
(eztaagtiiiMoat). 

DoiA Matol Brmn, 

Emm, Inflammatioa of, s'S* Stnus, 

EetTAf r Diseases, 

Emavo G€ntraii0n, 

E«D RmUs, 

EovnAKiuM. orif.» 22$. 

EttBMTML Chtmg€, 

Evils, orig. and efleot on psrest fattood, 
3fr4. E. Conscitnot, 

EzdBTiows (cerebral hnaiors, saliva* 
sweats, lochia^ mensCrva, nriae, 
fsoes), C of obstruction of, s$^\ 
caoscs apoplexy, 411, catalepsy, 494* 
catarrh, 535, epilepsy, 461, 



48s, rfaeumansm, 55^ 558. 
E's a c of tdoeration of 
Stoppafe of bladder, a c of insomnia. 

" aate c. of 



cer., 460. 



^6. Constipation an ultimate 
dis., 3»s; a c. of insomnis, 446. 
of dt ' 



Bf' 



iect of dis's on urine and feces,, 38a. 
stoppage of E's in nerves, etc, 400. 

BzKALiffioMS. Pesdleroas E*s a c. of 
epilepsy, 462. Malignant fumes a c 
of headache, s^z. 

Etb, Etklid. Inflammation of, 515, 
Ssy. SensoHon, SI00P, 

Pacb. Index of animus, 246, 4J4. Why 
sharp in foolish, s^* 

Faith. Mysteries of, 48s. Moch must 
be admowledged by F. alone, s65b. 

Fall, Tbb, c. of death after, JS7. 

Fallopiav Gtneration. 

Fat. Orig., so6. Exoded from pu 
mater, 344. F. in nerves. C. of 
obesitor. 430. 

FkBT. Bnect of cold in soles, SS5> 

FnuoL Are forces. 235; determina- 
tions of forces, and rays of intelect- 
nal Ufe, s8i; essential d's. 304. Vital 
fonas derived solely from, |04. F*s 
are of three orders, laa; first Mid 
simpir P., second, med. or nerve P.. 
third or blood v es sel, ^8; are all 
canals, laa. Correq>ondence of 
bloods and vessels, 379; fluids only 
sustain form of Vs, 315. Compound- 
ing of P*s, iss, S75. Body fabricated 
of. Changes of state of mind are 
affections of P's in general, 371 seq. 
Passions of animus are of, 371 seq. 
Humors of. Blood*. SImpla Fibre, 
449 seq. Calkd simplest nbril, 046^. 
S54, and pasnm. Importance of 

. hnowledge of, 2S2, 254; Jc of deeply 
hidden in nature, 260. Is beyond 
anatomy, 252. How to be explored, 
2Sk; by analytical way, 252, 256. iU., 
2S8. Flows immediately from soul. 



291; is pathway, 2<i, 
tarailnation, 311, and ray of 

nal life of a., 236, 291. Is 

snhstanres of spiritual nature, and is 
thus partaker of Ufe, 28»^ Ani- 
mated prindpally. 28s-9<* ^ of eel.. 
274, and spiritual nature, 291; raised 
up from c and s. form, 291-3; madt 
of c. forms, 262; 1 of indMdnal siib- 
stances of, ceL, 275. Originates in 
pnrest ether of heaven, 279. Is 
nature herself, 279. Is Invisible, 2981. 
Consists of simple and aniaoal sab* 
stances, 279, as against Aristotle's 
▼icw, 279, 297. Is of naiare of a 
294. In vortical form, 26sh, or 
<>s ^S9, 3<3> Supreme mm of 
anim. king., 250, 256. Weaves pare 
cortex, and cort. gt ^ratn. Is the only 
substantial in body, 2<o, 302, 314 
seq., 370; the all in al of b., 231: 
flashes to ultimatr points of b» sai. 
Restores nerves, 244. Is transpirabie. 
250; why, 253; tunic of, built by 
smrituous essence, 254, 239; Moods. 
Changes induced on mind br, »f^» 
cf., 3t2. D's of bo^ and blood do 
not reach to, 247. Kelation to coas- 
pound or 

MEPULU^RY FIBRE, 

2)v. P. of an. tp. is not sim|de P., 
249. M. P. def., 1x9, iss. Called 
genuine P., 1x3, X26; g. P. def., 76- 
7« M. P's are active^ substances, xay, 
restrained by tunics and juioes, why, 
22$. May be called vessels, 296. 
Dist. from uimatural P's, x^ 
Myriads of, 245; why, 167. Varieties 
of, 244 se<L No two alike, ass. 131. 
ill., 243. Importance of good Mood 
to^65. Softer in infancy, 242. Three 
omoes of, for an. sp., sensation, ac^ 
tion. 91, or motion, 143. See also 
BroiM (medullary sub.). Origin of, 
from simple P., 244, 298-M3; is 
therefore living, but obscar^, a€3. 
A continuation of cort. gl., a^; pro- 
duced not by begetting, but by pro- 
duction, X33; surface of c. g. 
mitted tOp X44; is essentiil d 
nation of c substances, 3x1. 
from vessel via cortex, X38; c present 
in every P., 546; P. ne c e ssa ij to c 
their relation, X33. Anatoauat 
orig. of from cortex, xay, X42; 
clearly in cerebeL, xay. How t 
to oiigins, 9a-3, d 98. Softer at 
orig., a97. a4a. Thought by AristoCle 
to come from heart, 128; Form and 
Fluxion of. Every ffi>. ia a oertaia 
stream of motioxi, 73. Spiral lax 
of, 255 ««<l., S7S, 300; A^ 258, in 
forming organ at its ftxti em l ty, H. 
and proved, 258. Modified by spiral 
fluxioxi, 3x^ In spiral fbi 
from vort. f., 300 j way, X47. 
fibres run emcaally in gyres, 
X47. In rectuinear form only 
forced in nerves, 157, 258. 
tormlnation, couraot goal. P. aad 
its D. are two distinct subjeclB, ys. 
Is determined to uses foreseen rnm 
beginning, ill.. 1x7; how, isa. By 
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Fan OUd. Fib.). 

M. F. mktd ads iti judgiMiilt, 3>** 
cf., S46-7. Codcentratioii of M. P. 
la oentnuB ovale, 78-0. Fldd of M. 
P., ts6. Courtc of, in cerebeL, 90; 
In cer., 8a; C. of teotory Ft ]«»«'•» 
00. HArmofiy and marriacet of F^ in 
bralni, a»3; each teeki its compasioii, 
sap: at thocM^ oSupring of one 
moOier, 433. Eaeh in distinct frae- 
dom, 3S7. P. of oer. dtAets from 
P. of cerebeL, S4i. Sensory F*a a^ 
wajrs mingled with ¥*• of cerebeL and 
mod. oUong., 91- BfinafUnf of Fs of 
oer, cerebel., and m ed nfl ai , Bmin 
(cerebeL). M. Fa fraow aniaiL am- 
chine, ia6. £nd in mUiarr clapds, 
184. P. and cortex are in both 
centre and periphery, why, 73'4| and 
at every point, 45* Med. Flbraa 
P«rvloua» «4i. i9«t A. 18, so-i, so- 
lo, 34-5. 49-50; th. from anatomy and 
reason, 14^3; denied, A. la, by Aris- 
totle, S79. t97; affirmed by Hippo- 
crates, 14s, sa4« »97' M* Ft must 
have flnid, 143, 37© scq.; actuate 
their fluid, 146; drive it to extremi- 
ties, 147* Tunic of M. P., 177. too; 
consists of simple Fs. sio. t49: th- 
A. X3. 3t-3. 37-9. to8^. T. U high- 
way of modificationt of purer nature. 
151; of determinations, t$s, T. formed 
^ its fluid, X51, 34s; fineness of, 
151. Is double, xs>» or triple, 2x9. 

Fir 



/ibra and Vaaaal, def., xi8k»; diet, 
1x9, xt8. The terms used indiscrimi- 
natdy, xx8; why, 298. Generation 
and composition of, 37$-^- Fs hold 
first plsM in med. substance, ia». 
Vs the second, xaS; like centre and 
surface, 165-6, ti8. Fs are med. 
substance of nerves, and V*s the 
tunics, sao. V*s in nerve fibrils, A. 
37, 39; transverse Vs In, X74, S40» 
Cort gL unites Fs and Vs, Bi * 



Fs not posterior to Vs, 37. x?9. 
Path from Vs to Fs is from passive 
to active, 340. Vs ascend, Fs de- 
scend, xso, xaS. Every F. and V. in 
motion ot brains and viscera, 73< 
Fs do not ramify like Vs, 340; why, 
163. Fibre and Arteiy. Nature 
of F. learned from A. 133 teq. F. 
and A. compared at to orig., >33*Sf X37> 
X5S, change into vein, x37-o, active 
and passive, 139* forms, forces and 
actions, xjo, cavities, X4X, muscular 
surface of heart, 144. presence of h., 
X4S, action on blood bv h., X46, tunic, 
iSi-3, stretch and distention, X54, 
force, 136, fabric. xs7*8. Di fferences 
between F. and A. as to velocity and 
perfection, x6^ fluids, x6x, Shod 
(circulation), Brojii (cort. p., com- 
pared to heart), change to vem^ 154. 
X63, form, 375, pulse, X63. Use of 
comparison, 164. A. and P. balanced 
be t wee n contraction and expansion, 
or death and life, 138. 

NKRVES. 

M. F's compose nerve Paaololaa 
(iMrvule), 398; why, X96. Fs of 
brain, and Fs of nerve dist, xi9'0. 



a 476. Fasdde, def.. 193. It 
nning of N., lop, 353; a nervule, 
; aoragate of fibrea, 17, 139, 398. 
Each Fm. is distinct and free, hew, 
337; in Sfirsl form, 3 x, 33. ,S». t58. 
Deriva their nature from oieir fibraa, 

343. Varieties of, 341, 343; no two 
afflgs, 34x,^34s; why, 346. ChaoM 
in, 343. Action of utngs and braina 
on, 339. Fibres, fascicles, and 
Nerves, relation, 330; are changed 
by time, 348. N. bepins in fascicle, 
X90, 353. N's and fascicles are ea- 
sentinl determinations of brain, 3XX-3; 
or rather agg r eg ate s of determinants, 
3x3. How determined according to 
use, 3X3. Viives in N's. A. X3, x88. 
Arteries in, xs, X38: N. is a con- 
tinual a., A. X3, 138. Brain (cort. gL). 
N. descr., A. 5. "fj. «t8; stdiatanoe 
and structure of^ 188 seo., A. 37-8, 
3X-3, 34, X43. Made up of fibre, i89- 
o, 39; Ml spiral form, 30, tSj. Grow 
by dwreea, X9x. All N^t derive from 
both brains, ax8. 331, A. 48^ 9S;,«m1 
medulat, X89, 4tx; Brmm (medulU). 
Pores and passages In, 8, 3, 143, x88. 
Fabric of, correraonds to medulla of 
brain, x96-7> N. trunk, def., X90. 
N's are liable to essential changes, 

344. Use, A. xa, X4a; are middk 
causes between prior and posterior, 
3x3. Each N. is in one series, 336; 
its fibres are distinct in brain, x6, 47; 
the distinction preserved, A. 48, 98. 
Each is in distinct freedom, 337. No 
two N*s aUke, 345. Varieties enumer- 
ated, 34X-3, 344; depend on Jbrain, 
body, fibres and tunics, ai2. Divers 
forces in each, aso. Communion m 
ITs, 337. cf. X79. Sensory N's soft, 
motory hard. 1x7, 343, A. 14* >8. 
Origs. of, 30. 47. X3?; soft at o., 8. 
and in infanor, 343; hard in old age, 
348, why, 396. N. becomes fluid as 
it U resolved, 396-7. N. unfolds into 
organic forms in body, XX4. Tunlos 
and Llo«m«nta» N. has T.. 308, 
A. 30, 39, 309; a vascular membrane, 
316. No two T's alike, 340. Are 
double or triple, sxx, 3x5-6, 3x9, 3S3 
(triple. 3x7); why, 334, 337. 3S3. 
How formed from pla mater, ax6. A. 

Sr. Arachnoid covers b eginning of 
•s, why. 3$x. A. 3t9. 33tt. PU 
mater is second T. or T. of fascicle, 
3x6. Dura mater is third tnnie, sii. 
How Ts woven, 3x3; vesseto emulous 
of fibre go to make, 3x3. Ts changed 
and reformed in course of N., aia, 
340. Usee of T's, X73, X96, 3x4. 33y. 
Ts and Ligamentt, 308 teq. Orig. 
and use of L's, 173, 3x9, 3SS: A. aai' 
3; uses, 333-7. Effects if L's too 
constricted, 92$, or (ax or broken, 
336-7. Cavltlaa In Nervee. AU 
N*s transpirable and perspirable, 334; 
like filter or bamboo. 333* A. x88, 
X90, X9a seq., 335* N. has no cen- 
tral cav. but perhaps a larger central 
space, 19a. cf., 194- Interstices be- 
tween fibres and fasddes, 343; are 
similar as in parent cortex, 77, from 
which they originate, X95, 197. Uaat, 
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FniB (Nerret). 

loj. 227, |35. Effect if penDeabilitar 
OT K. oe loit, 22$. UnDatanl can- 
tiet, 192, Humors of Norves. N's 
rehire H*s, 132. 194; fibres conld not 
exist witkoiit, wny, 351; A. 143. Orig. 
from blood, 199, cortex and medulla, 
i3>f X9S*6, 33S» 400; A. 200. Are 
secretions of tunics, N's and fascicles, 
240. Cbyle for, from lymph of body, 
490. Uses of, 207, 222 seq. Com- 
munion of, 279. How propagated* 
J06. Must be frequently intercepted, 
how and why, 222. Effect when un- 
ordered, 22C, Are of dirers kinds, 
194* Nature of. how determined^ 
>94-^» S05. H. B et w een fibres and 
fasade^ descr., 224, 3$$; is arachp 
noidal ^ph, 335, 345, 353-4, 361, 
490, Brmn; is not an. sp., 194; pas- 
stVe to a. s., 222, Humors betwoon 
fibres are Tarious, 2A2. A chastened 
H., 303, S4S. Higher re^ified, 194, 
20^, 34«. Of utmost purity, 196. 
With subtly sulphurous and etherial 
elements, 194, 197; with hifhly def- 
ecated lymphs, ao3. A hiahly pure 
serum, 203; not in itself fluid, ao6. 
Orif., 107, 34*. Use, 197. Re- 
strains fibres, why, 22$. Less in old 
age, 293. Loss of, most to be feared, 
194* Humors betwoon fssclcles 
are somewhat grosser, iriA large and 
uneren particles, ao6. An olMginous 
serum, 196; being genuine s. with 
urino-saline and f^ty parts, 194, J04; 
proved, 297. Orig., 191^. Pat in, 
proved. 29, 206, 222; ong. of, 204, 
306. How proMgated| aoo. Import- 
ance of, 190. £fiect if lacldnff, 222, 
2^6, or stopped up, 400. Tnrou^ 
middle of nerve runs a most highly 
chastened H., 194* H'a between 
Nerves, 246. Grosser H's in larger 
plexuses, how urged on, outflets, effect 
if lacking, 197. Individual Nerves. 
1st Olfactorr, soft, zit^ 561, A. 18; 
orig., 90. ad. Optic, soft, 117, A. 26, 
18; orig., 19, JO, 79, 90; inflamma- 
tion of. Si 5, 5S7. 5th. Gustatory, 16, 
18, 117; hard and soft, 2421 orig., 90. 
9tn Acoustic or auditory, soft, 117; 
hard and s., 242, A. 16; orig., 18, 90. 
8th, Par vagum, 17, 147, A. 16, 18, 
48; use, 421; p. V. and intercostal, 
406; intercostal, 420, SS4- 9th. soit 
and hard, 18; motor N's of tongue, 
78. Spinal (accessory) N., 117, 420, 
A. 48. N's of touch, orig., 90. N's 
of arteries and veins, 503; of vena 
cavas, 4ao; of heart, 144. 303. 
Plexueee and Qanglls. why so 
many P's, 236. Three classes of, 
def., 22S seq. P's of fibres in brain, 
aJ9-o, and medullas descr., 231, Brain: 
use of membranes of, 131. P's ot 
fascicles, 232. P's of nerves, 333. 
P's of sympathetic system, enumer^ 
ated, dist and use, 234. P's in sen- 
sory organs, use, 23$. Ganglia of 
N's, 237 seq.; def. and descr., S37, 
A. 16; why attached to vertebra, 239, 
Uses of G., 238-240. Must be con- 



tinually restored, J44; why, a40. Use 
of v essel s in G., 240. lieamaoes of 
G., descr., 16, 237; new m. pot on in 
213. Superior cervical G. descr., 16, 
'237; nerves from, descr., 240. Pul- 
monary P's, 406. Other P's, 234. 
DIeeaees of Nervee and Re. see 
siso Diseases, Brain. State if F. of 
cerebel. accompanying F. of cer. soo- 
cumbs, 516. S. of P's in mania, sot- 
Obstruction of N's, a c of cmivnl- 
dons, 466; of torpor; c of o., 46d; 
o. of ganglia, 466. Lade of humor in 
larger plexuses, a c. of torpor, etc^ 
i97> Over>laxiiess of P's a c of 
tremor, 468. Effect of anxiety am 
N's, 424; of bad bhM>d, 246, d 465. 
Stoppage of humors in N's, 22^ a c 
of paralvsis, 400; disorders w N*s» 
226; ot nerve ligaments, 225-7, 
Loss of humor between N's, effect 
222, 246. Inflammation of optic N., 

BLOOP VEMKLS. 

Def., 152, 208; called intimate V., 
299; fibres of third order, 
pounds of P's, 126, 3x5. 
to F. see above. Arise from 
F., 255, ^98-303; how. 301, 308. 
Earthy matter In, solely from en- 
closed humors, 315. Vessels in, use 
of, 220, 240. Are essential d eteimin a- 
tions of heart, 311; like the h. at 
every point, 145. Make the body 
proper, 276. Evet^ V. is in a oer> 
tain stream of motion. 73. Form o^ 
is simply circular. 275, 301; doscr., 
257; is modified by c nixion, 313. 



Arterioles in, A. 147. Blood runs 
through, 299. V. of heart ends in 
cortex of oroifi (cort. gl.), 197; and 
there changes its nature, 138. Im- 
portant to dist. be t w een V. of body 
and V. of brain, 176, Bratii (vessels). 
Why so many anastomoses in B^ Vs, 
236. Compression of, a c of torpor, 
4p9- Coronary Vs, Heart, Vs of 
^roiii. Arterlee. The A. is as 
Uood b, 501. A. and heart; and 
Fibre (above). State of, in mania, 
501. Tunics of, 303; new Vs enter 
T's. why, 220. T's never devoid of 
their humor, 179; communion of h's, 
279. Aorta in ecstasy. 538. Artery 
and Vein. A. a continued V., 137- 
8. Connection in embryo C#o- 
eratian. A. active. V. pasnve, how, 
139. A. ascends, V. descends, why, 
156. Differ in texture as arterial and 
venous Uood differ, 138. Nerves of 
A's and Vs, 503- Jugular Vs, 1^ 
454; UK, 550; refreshment of blood 
Ld, 83-4; ditto in subclavian V., 361. 
Spinal V. and azygos, 538. Vena 
cavas, 137, 538; nerves of, 4^0. 
Exsangulneous Veeeels. When 
changed in nature are filled with an- 
otter fluid, in., 152. Carry white 
blood or an, sp., 301. Ductus arttrio* 
sus and wblilcsl vessels, 151, 314. 
Hepatic tube and arterial canal* 151. 
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eOflM>ll>AL AND OTHm 

Fiann. 

p., def., in. CMlad F. 
ijft^, I'.-- 



o* F;.'i8j. 465. 491. 
An Ft, not vcMeu. loa: o 
utnrc^ i>3, ijg, 170^ j^e; u to fr 
oris, aai conteoti, im; dal> i 
Ace reoeiRd Ft 01 boiv> ilj; do 
from lido, itoiEaciL lniwi, etc, 
cortex, 491. Orif. m mflury tlu 
II], i8j-4i A. up. Are condat 
from 4rteriet, 168; tucdIu- i 
■rterlil (Umdu, jS, 1(8, 171; 
Uchcd from pil nutfer, 174. Si 
tion to (enolne F.. its; {■ vein 
F., 1G31 commldlfle wloi f. P., u 
upcu like g. ¥., tSy. Not eu 
dat from Pi nd veMdi, i&j 
Anetomicsl proof of, 183. Uieiv I 
174-181, iSj; [oal, 181; u. to -- 
■I. Brwin. CoDftltote pU 1 
168, IT*. Go to «—•- 



'iai^ 




.-kSi 

Its; Ctturatian. P( ooIt nutaia 
form of Teneli, jij. Seriitanoe It 
the eue of the hkrd and lolid, jdo, 

Fldiidh. No detemEnalion wlthont, 
171. >9o- ^'o F. witlioat parti, 190. 

Ponci CnrmriOK. 

Food. Uie, jSia, and ^nue of, 387. 
Intemperaace la F. aod drink, jSia, 



,JS. D 

■erun, sjti. NoxIdui Pi, ;,.^. .. ... 

•adin^. Vmtratutn, _Tnr*a kinda 



-t ?!, JIO, 

Keceisitr at, y 
red blood, 5x67 



387; 






All Isipresnale 
5<6. Ellect* of odinH- 

Are the moM tanatal 

eaaie* of dbease* of body, jSia. 
Common f. Effect of chantea In 
F. and drink, 51s, Ssilableikeaa of. 
rarie), ]8ia. AerimonT of, an ex- 
dienent of epilepar, 4tii. Coarae and 
iffitaHni Pi a c of Tcrtlto, (47. 
Gfon Pi a c of n""- *- -' 



m8. Star Bod crvda 



•phMie F., def, iB]. Eotat* 
throtifh Inaia and cnlidai^ J54, lat» 
Tilna, jSi. Sometimaa srMter la 
"■""* tun "'n—'- F.. iSj. f|7. 
DiipcoaaUon of, not under our ae- 
cMon,^^_Etf*cta «^J>^ known. 



p.~^i hara axlUarr tmi ccntrd no- 
tion, a6t [I]. Superior Pi lomiuia 
from injorr, *<;. Compound Pa, 
Conpoaition and reiolutioa of Pi. 
how cBected, 174: diiMtatlon o^ 173. 
F. of pacta ti inperior to F. M 
Tohntc, 174. Sfmpla lubatanco to Ika 
onlir Mbattntlal in C P^ 173. UoM 
be diitincHon In, 173. Can ondern 
aaaentlil change while the prior Ft 
remain the lame. III., >73a. Tfet 
only exlitent Pa art 

FORMS OF THK WORLD, 
and Pi of anitn., Ttsetible and ods- 
eral Uudcoia, 170, aee below (\ntal 
Pi). Pi of W. are Toid of life, 304. 
All perfect In their defree, wi*. An 

Pi o( ttmuupktm. * ' — — 

rectHinear F 



both belonf 
cular or S. 
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FMUK {Pt «f Warid). 

tot bu BO ^ka, njl 1* F. cf 
Botian, jb [Ij; DOtUDC lB«t in, 
3«3 [if]. HoM csaMcnt and elMIie, 
why, 163 [iUI. Mom potent for re- 
■utaiKs. itkj, 16] [U, Oi]. I> F. of 
■tmoapWR. at* [fiij, or ntr, *69. 
Aiccnt of S. F. to Mini F., «7ii 
the two compuvd. *6ti; Ocir nfa- 

tion*. »64- S or ' '' — '~ 

F. iti.. »«4- E" 

tlou of, 16} [bi], a<S4. Can nadeiia 
esKDtlu chttUH, 164b, DificiM of 
conception, i«40. Ii moat ooutnot, 
364b. Ii F. of utaie'a oclMty, 
36^., ill. 175. Abort vid M nun- 
Bit of nometrir, 364c. A ■oparior F. 
of motion, or F. of active force*, 
ill., 164B. Ii F. of ether, 364c, agt. 
Genera and apedea of, 364c. AieeM to 
Vertical f., 171; tke two compared, 

365, 16M. V. P. called penictao- 
apical, w^, 350, a6j. KeUtJon to in- 
ferior F'l, ifij, i«iL b. Hardi7 
comprehenaible, 360. Tenn T»^^"g 
for feaera and apeciee of, 365b. Erf 
dencea of eiiitence of, 36 jb. De- 
teroinaliona of, 365, atija. Under- 
foei eaiential change only wftb diffi' 
eoltjr, aftja. Ii anperiar F. of actiit 

conitant, atija. (tanipreient in 
nature, itfsb, 375, Mafnetic forcei due 
to, 36sb: matnetiain and aatronomjt 
require! nndcrttandlna of, 36Sa. lloal 
luTe polei and axea, sGsb. It F. of 
flux of inperior etbcr, teg, *6sb, 37J. 
Pcrpetno-V. or CalaMlnl P., iriv » 
called. 366. Def. and QL, aMa. De- 
termination of, 3<6. KelBtion to in- 
ferior Pa, 166. Ii man conMant, >6«. 
la natnr^ principle of BctlTC force^ 
366; tbe firit of natore, 366, *«6b; of 
natural Pi, 366, 366a, and of maiTcli 
of nature, a66b; of it>antaneit7 of 
natnre, 37s; of natBral F'l of nnl- 
Tcnc, 369; n. flowi Into, 366a; rep- 
reienti a., 366b. Ii F. of ccl. expanie, 

366. Ii prima materia of andenta, 
■h. 366a, cf. ari- OuaStiea of, u- 
preiaible only br anala(iei, 3t6a. 
Compared to inferior Pa, a66a. £x- 
litence of, how ah., 366b. Ja P. of 
ccl. ether, 366b. C. and Spiritual 
F. ii Snt F. of natnre, properlf the 
aonl, 30]. PeipetBD-ccL or S. P. il 
the dnifte Spirit, the principle oil cx- 
iatcnct, 367. Flow* Into iU other Pa, 
3701 into loal, Ptjeholtn. Hardlj 
twdeiatood by ni, *66a; reqnire* ah- 
•tract ipeech to ejipreia it, 367. P. 
and inbitance coincide In, 367. Hi* 
ao figure, 363. Mot the F. of antela 
or of onr mind, •67. Selatiaa to 
lower Pa, 367. Ariitotle on, 367. 
Perpctao4pichaal or DIvlna F., 36S, 
317- iMOOptcheaaible, x6S: tiK cre- 
ator of aO thinia, 3«S. Indhidnali 
oi lool are immediatclr (object to, 
317- Flalo and AriatoUe on, 36). 
P* of W. and 



VITAL FORMI 

rpriaS'r'Sni «;:&•*: 

Pi def., 369, 381, 304. AboK pntdr 
oatotal Fi, actint natarallj bnt 
lirlnc ipiritnally, 310. Are ai manr 
ai Pi in nnlreraal world, enumei^ 
ated, 304. Are apirita, ttlf, are ia 
men, anunali, iniecta, 381. In*. 
Pi faniMrfecttona may enter, wis, 
- - ^^'- — • -■■«« of V. Pa 
e worht, >6a. alt. 

.jriratian 01, Sot 

aeq., jio; effected onl^br ^b^**- n^ 



SS'[b?"™ fi™vTl?"ii1*e' 
bodr, whirt ta in A. — ' — 



P., j«. il F. of motor 
A. Pa flow Into aeoaorr of taiCe and 
MuU, 369. Lower animal Pa. 3S4. 
Pa «f vaqatabla kln»«oro, 37^ 



Fkoo, blood of, aoo. 

FtkM SrhaMiow. 

Fnmm Old At*. 

GamunoB. Eiecdon — . — 

tnbea, 4»B- Orar;. 49B- Bflccta of 
pregnancj, 49S. Conncctian of aoiab 
Witt cer., 4P7, IL, 498; path froa 
w. to dora mater, 409; dia. of w. a c 
of lertiso, 547- Sec alao fnrry. 
Embryo. OriM. of orianlc forma in, 
331, loS' why Sral Itdd. 13a- 
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GiNnATioir. 

Nutrition of. 4f^ Otoenrc life of, 
m6, Cifciiatioii of blood, isi> 3i4* 
Coancctaon between vein and artery, 
157. Umbflical feeeek, i$i, 3x4. 
Dactnt arteriosus, 3x4, hepatic tnbe 
and arterial canal, 151. Injtiry of E. 
by compression or impmdence m prec- 
nancgr, a c. of fooltshnesa, 530. Is 
influenced by mother's aniains, J4S, 
J48. Birthmarks, 2^$. 

Gbomstbt. Treats of angular, ^la, 
circular or spherical forms. a66a; 
spiritual f. is above and at tne sum- 
mit of, S64C. 

Glamos. Def. and use, 80. Oflkes, 
119. Tunics of, oric. and use, 17a. 
Cerebrum the exemplar of, 80. lii^ 
iary G's, use, 183-4. Subcutaneous 
G's. xjs. 

God is the oiily Life, X59> The Deitr, 
507. The Deliverer, 488. Aristolie 
on, 273. Quality, mode, accident, not 
predicable of, except by supereini- 
nence, 25$. The term form, not suit- 
able for divine Essence, a66a; the 
divine Spirit is spiritudB x., ^7; gov- 
ernment by d. S., 488. Aristotle and 
Plato on, j68. Divine Proridence, 

389. 

GoukEN Agb, J48. 

GftAviTT compared to active forces, 6$, 
91. 

Hard, Fluid, 

Haix, 544- 

HAKMoitY. Effect on body, ill., 544* 
Coestablished H.. x6o. 

HiAST. Formed after brain, why, 308. 
Is first soft, xa4, like cort. spherule. 
X35. Supposed by Aristotle to be 
seat of soul and first bom, X28; why, 
308. Ruled by cerebel., 550. Vessels 
are essential determinations of, 3x1. 
Body is Idngdom of, xao. Has ob- 
scure action and sensation, 308. 
Nature of. how learned, 136. Mo- 
tion of, depends on brain, 126; c. 



of m., 5«o, 338. Circular and spiral 
forms of, 27$, Nerves, X44, 303. 
Coronary vessels, X44, 165. Systole 



and diastole are death and life of, 
xsp. Blood changed in heart as well 
as in luHAs, X38. H. compared to 
cort. gl. Brmn, Haart and Artery 
are of same nature, 134. Muscular 
surface of H. transmitted to A^ 144. 
H. does not force blood, 4x0, Bloods 
(circulation). DIaaaaaa of Haart. 
Foramen ovale open in those subject 
to trance and ecstasy, $38. Palpita- 
tion of. a c. of swoon, S50. 

HxAVEJi IS purest ether, S79. Some 
distinguish between H. and the starry 
H., 266. H. or the eel. expanse is in 
oel, form, a66. Spiritual essences in- 
habit H's, a66b. Forms of supreme 
world (Aristotle), 264, a64a, a66n. 
Body and brain compared to world 
and heaven, 276. 

HsMsaALOPiA, del., 523. 

HsMOUkBOiDt Excretions, 

Hbbxditt. Both parents give forai, 
animus and habits, J45* H. c's of 
dis's. 393-4; of foolishness, S30* 
headache, 360, melaxL, 485, rheuma- 



tism, 358, ulceration of cer., 460, ver- 
„tlgo, 547. 

HlCOOUGK, 470. 

HiPTocBATH on everything in body be- 
ing transpirable, 142, 244, .297. 

HoAKSKHias, 554. 

HuMoas are carried in sll directiona 
through minute passages, iU., 333. 
Circulatiotts of, are particular c's de- 
pendent on c of blood, 324. 

HTDATiDt, 560. 

HTDttOraOBIA, S4i-<* 

HTPOoAsnic RBOxoir, def., 489. 

Idkas are archetypes, 233n. How 
formed from ultimate plexus of nerve 
fibres, 235. Psychology, 

iMAGiMATioir DisoQsts (inssnity). 
Psychology (Mind). 

iMPBirECT Pgrfoct, 

Imcubvs, 534. 

Indiam Fia, 20. 

iNOioBtTioir Stomach, 

iMntTiA def., X64. Angular form is f. 
of rest, 294; nothing inert in spheri- 
cal f., why, 263 [ii, iii]. Fluid. 
Moiisf, 

IicrANTi sleep more soundly, why, 430. 
Dura mater in, 240. I*s and old ago, 

Inpinitb Calculus, ^sb, 266a. 

IwrLUX Fluxion. I. of soul, u. Psy- 
chology, I ot diseases, 

Injictiom. Of cort., 17, 44, 52, 54; 
process, 55. Of meninges, no, 330; 
inflation of m., 330-x, 333-4, 3^. 

Imsaxi. Almost all are, 507. Medical 
I. disease. 

Insomnia. Sleep, 

Intbmpebance. In food and drink; in 
pleasures, effects of, a6o. 

Intxstinzs disturbed by mind, 377. 
Worms in, and corrosions of, a c. of 
epilepsy, 46X. 

Insxcts are vital forms, 281. 

IxoN Agb. 248. 

JiTDGiiENT Psychology, 

kingdom AuHuaL 

Laws Nature, 

Laxinxss, 430, 444| 530. _ 

LxxuwENBOBK praised, x8x. x88, 208. 

Lbibnitz. Monads of, 266a. 

LXPTOMBTKT, x8, X42. 

LiPB. (jod the one only L., 159. L. is 
spiritual, 158; is expansion, 158. We 
Irve by motion, fo6. How L. is con- 
stantly rene we d , 139. Cases of L. 
without ultimate food,, L. and death, 

LiGAMXNTt. How formed, 240. L's in 
nerve. Fibre, 

Lochia, 461. Excretions, 

Livxa, 165. Over-much of hepatic juice, 
a c of melan., 485; h. tube, 151. 

Lungs, 516. An adjunct of heart, 
138. Action of, on fibres, 239. Blood 
chanaed in, 1^8. Pleura, 163, 3x6. 
Respiration, c's of, 551; in sleep. 
Respire with brains, why, 2M, 471; 
with cerebrum, 424, 336. Jlespira- 
tion of, reflects general states of cer., 
42A, 438: pain in, 5x7; r. in cams 
and apoplexy, dist, 430; in a. r. be- 
longs to cerebel. alone, 436; r. in epi- 
lepsy, 462; nightmare, 534; , Vf^ 
phrenitis and catarrh, 3C4. Angina 
of L's, 539. See also Food (atao* 
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Ltkps. h, of arachnoid, Brm'fi; of 
nerves, Pibrt, L. of Body. Im- 
mense abtmdanoe oL 490. Drawn im- 
mediately from Terns to cer., 547; 
depriyal of, to cer. a c of, hypo- 
chondria, 490-x. Purest L. is chyle 
of med. fib., 490. L. has its own 
circulation, 547; stoppage of, by 
states of animus, 494. Serum called 
L., X99. Thoracic duct, 360; chang- 
ing contents of t. d. and lymphatics, 
1231 chyle of t. d., 8a. L/mphatics, 
use of, 184; in nenre ganglion, 16; in 

8ia mater, xo; I's and ch^liferous 
ucts closed by over-much bile, 493; 
by vertigo, ^7; opened by giladness, 
etc.. 494. Congelation of L. a c of 
foolishness, 530. State of L. in 
mania, soi. 

Mackocosm, Microcosm. 

Macic, 537. Orig. of belief in, 539. 

Magmitism. Magnetic and astronomic 
bodies, 265b. understanding of M. 
requires u. of vort. form, s66a, to 
which m. is due, s65b, and zrom 
which, animals are living^ magnets, 
s8^. Swedenborg's convictions as to 
existence of a superior ether, and as 
to truth of Prinapia doctrine, 265. 

Maw. Men who are between animals 
and vegetables. M. and Brutes. M. 
and tVoman. , 

Mattek. Is ceL or first natural forxn, 
a66a. Resistance is the esse of the 
material, S09. AristotU on 

Medical Ait. Requires distinct knowl- 
edge of c's of diseases, 394* Goes 
only to animus and rea and purer 
blood, 508; restoration of blood is 
whole of, Z53. Medical men recog- 
nize only ultimate degrees of dis*s of 
animus, 91., 5x8; remedies for pas- 
sions of a.. ^73; for dis's of blood 
proper and oody, 37s. Prematurr 
cure of intermittent fever a c of 
rheumatism, C58. Soporifics and 
narcotics for Insomnia, 447. Medi- 
cine for fevers. A47; for melan. of 
soul, mind and Dody, 48a. Drugs 
a c. of rheumatism, 558. Cure of 
tarentism by homogenous substance, 

544* 

MsDiTATioir deep, a c of natural cata- 
lepsy, 45^. 

Medullas (Oblong, and Spinalis) are 
secondary sensories, 404. Animation 
of, 438. Fibres of, Brain, Arach- 
noid less ceUular in, why, 347-8. Bi. 
Oblongata, Brain, Med. Spinalla. 
Called dorsal M.. a^-5; descr., ao, 47. 
Three regions ox, 63. Fibres of oer. 
and cerebel. entwine with f*s of, why, 
a3i; circular Ts are its own, lonn- 
tudinal Ts are from brains, txo; de- 
cussation of Ts, xxx; how held in 
consonance, izx. M. S. is closely 
connected with cerebeL, aso. Arach- 
noid, denser and redder in, 365: and 
more cellular, why, 347. Cineritious' 
substance is aids of, ax, 45, 6z, xxo, 
xa7; abundance of, 347; none below 
first lumbar process, 6%, cf. xia. 
Med. substance in periphery, xxo, 
xa7; surges to posterior region, xxs; 
determination of, xo9a seq. Posterior 



olefe io. ax; use, X09. Receives 
tions of brains, xx3, cf. »7%, Is in 
spiral flux, a7S. Fracture oz. a c of 
epUepsy, 4S9- Cauda equina, 6j, 
ai6\ b puriely fibrous, xxa. 

Mblavcholt Disaasas. 

Membeanes formed of vessels, jo, 131. 
M. of Brain, 

Mejcoet Psychology, Loss of, Distasss. 

Memstkual Flow. State if retained, 
498. Bxcrations. 

MiCBOCOSM and Macrocosm, compared 
as to forms, 276-7; as to se ns a t ions , 
66. 

MiNEEAL Kingdom. Forms of, a7o. 

MiNBEVA. A fat, 5a9. 

MoDipicATiOM. Doctnne of, holds first 
place in physics, xa8. Def.. 148. 
Nature of, 149. Declares quality of 
Nature, X48. Corresponds to un- 
dulation of water, X48. Becomes 
sensation, why, 2S3, M. of purer 
Nature, 151- 

Moon is in vorticsA ether, a65* 

MoTBEB GsneraHon, 

Motion. We live bjr, xo6. Excessive, 
a c of dis., 391. Conatus the essen- 
tial of, a65. Axillary and central M. 
in more perfect forms, 26% [i]; cir- 
cular f. is f . of M.. a63 [ij; requires 
poles and axes, 68; spiral f. is su- 
perior f. of M., m.. a64a. 

MoTOBY and Sensory Brain, 

MULBEBBT, 19, 46, X7X. 

Muscles. Nerve fibres of cer., cerebeL 
and med. spinalis in, 4ax. Muscular 
motion, c of, 303; proximate and 
eflident c xs*. Cort. gl's correnrand 
to, 465. In M. is likeness of things 
perceived by animus, 145. Excited 
by blood, restored by an. sp., 395- 
Alternations in, 305. Importance of 
good blood to, 465. Quiescence of, 
in sleep, 4a i. Compression of , a c of 
torpor, 469. Cardiac and intercostal 
M*s, A06. 

Music fiarmony. 

Must Fermented, effects. 509. 

Natubb Def. (Aristotle), a66. Two 
ways of exploring, 93. First form of, 
is eel. and sfrirituaL properly the 
soul, 30s; primitive K. b in eel. f.. 
266, 26&>i c f. b orig. of natural 
Ts and forces, a66, a66a, and of 
marvels of N., a66b; c and vort. f. b 
beginning of spontaneity of N., a6$b, 
27$; V. and spiral f. omnipresent in 
N., a64C, a6sb; N's power of actxng b 
in spirsi f. ill., 27$. Elementary N. 
represented in cortex, how, x86. N. 
present evervwhere, 177; the same in 
greatests and leasts, differing only in 
degrees, 21$. In leasts, N. rules in 
greatest purity and freedom, 70. Is 
perpetual in her measures and modes. 
13 5. Averse to all equality^ a4i. 
Forces of, are fluids, X43* NothiiM 
hard in pure N.. a 15. Quality of N. 
declared by modification. 148; m. of 
purer N., isx. Repairs in sUtp, 429- 
Dead N. an instrumental c to Ufe, 
158. LavifS of Naturo. Circum- 
gyration requires poles and axes, 68. 
All things flow from, to and through 
ends, a7o. Every fib. and vessct is 
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Actm foice* tnid to chioie itatc « 
inbMaaeei sbcrela tker are, wid 
tkerefora moM be reatralacd, laj. la- 
ferlan lesvd igfaiion u Odr 
■aaloftwi mad eniiieBt*. ito. Hsv 
farau oeaDd to laperior detn*> <7>- 
pMllTa Bat ba capaltted with mmn, 
140. Futa mot be reduced to a 
BUTanal, before lains off to tbelT 
naea, fi. See alao Rulti. 



pKia»uu def. and c of, «ji. See 
Duraif (iDwnitr). 

FsniGi tfa«]tcaium 

Pu Hati« SreM. 

Pio, Brain of, j6, jS, laS^. 

PLBmA, 165, 11& 

Plato. Od tlu One, and on eel. fora, 
•66a, cf. jC8; canpoond* and aimplea, 
»]; foroi, a66B; tke Infinite, *'*' 



Tcrtln, «fa]^ 547. Sneeainc, uie of, 
»4; S. and csoahinc, 471. 5nu» 



Old Age. C'i of, 131: c of, after Fiil, 
iij. nbrea hard In, 193; whr, tos; 
bat aoft in iof aner, 141^ x^A. _ Fnriaa 




Foiravi del. . , 
Affect eort (L to 

loM of memorTi j^- — : 

■ - of defect at 
- -r-. ™., - -,-»*•«'»•. S*'i 
idan., 4S1; rhenmatinn, Sjli tv 
itiam, S44. F* of hri&ophobia, 

Pole* reqniiite in Tort, form, lesli. 
P'a and am neceawir to all drctua- 
nrratlon, 6S; in cerebeL, 6S, 94. 

Poau Prrtfirctlen. 



OiLt art ansular and (pberical torau, 

>63 U-'h 
OaoAKic O'a Id bod* correapood to O'a 

in brala, 141. O. lomi, ofif. of, 13s- 



O^lK. Doctrine o 




,_e aobitancei, def., a74. 

P. and IndMdtuli, 174- Primordirf 
particlei an between angulu and 
apberieal form, eCj [It]. 

Puma Actint. 

PjtmoLoaT MidieaL 

PncanuH Pijtkelosj (attribntea of 

Pnrxcr! Th^ Arirtotle on, 17). Per- 
fection dependl on facmtr of acd- 
dentil chancel. 194. P. and Im- 
perfect, def.. 171. Otif. of imperfec- 
tion in forma, mja, 

Pauc*AJ<iDii, 4P9. Seat of dam* 
hraterlcBii 497- DIploe, )6a. 

PaaiotTSA, a rojal road, 499. 

Piitmui Bask, eoo. 

PmrATmc SCTtooi, «T9, »97. 

PmriuTioH, EneadTt, a c. of rertlto, 
S47. ExfrrtioiM. Sancwrlan P., 
184; db'i of bodr and. jSj; itoppace 
of, a c of melnn., 485, and Tcrtlco, 

37. PerM, jBj. Stonpi«e of, a c. 
dit.. J91: of Inaomnla, 446. Snd- 
den closiat of, b? coU, a c. of 
rbenmatiam, ssS. See FMi 

(etharlal). 



PlTCHOCOOT. Terml of, mnit be ««■ 
ptalned, sio. Sonl, def., aBS; cTtn- 
thing baa *■ to which ft correapouda. 
HI., 1S7-8; *. of a thine, def., iUji 
I. of locletr, etc, iSB. 

HUMAN SOUL. 
NaMre ai leq. Can- 

not be di onl7 )!▼- 

Ins tUnc »bj, tm. 

li ipirit, anlD. «•■ 

■eoce. a J17., la 

afmple ai a form, 

■85; bein Iti bodr. 

1S7. For >-, derln 

iu qnalit] 1 • Uood. 

and hai 4i dplr. 

up^ 

; of. 



organic form, aoj, J07. _.. 

Broi'ii (fnnctioai), aoppoaed by Ana- 
Utte to reiide in heut, laSi whr, 
308. la abore almple fib., 176. Snb- 
■tance of, ii eenilllTe and dependi on 
■n. ip., A. S, 17, >4J. S. aiid S4*t*- 
tMH. EtU conadence or melan. of, 
S., 488, Diitatn. Influx of Soul. 
Pachwar of, Pibrt (elnple F.). In- 
flow* into mind. ^79, and brain, ae- 
cotdinc to itate of eort. iL, 473. I, 
of S. TnW bodr, a nal I., 47J- How 
S. produce* acttoaa, ^36. Soul — '* 
Body. Kingdov ' " ' " 



DS, 330. ooui ana 

, of B., of brain, end 

„ _., S- It In ererT part of 

B., J17. PaaUou B. a trpe of ita 
own InlniUoni, 145. Red blood, ho, 
and B. i* S. In otllmatea, 316. S. 
can eaiat wfthont B., aS6. Anirana 
and B. at war with S., effect, 177. S. 






of, UL, SM- Seat of, Srafa 
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PSYCBOLOGT OiSOA). 

chanfl^et of itste of, tre ^fecdoss of 
f'f in general, 371 seq. Correqtoodt 
to body, tStdM, 377. DiieaKo of 
M. and Anlmua, dkt. J74* Snto 
of, dist, 47S- Aninus def., 475- M. 
osnally swajed hj A., 487. ,«f*c o* 
A. IS t. of cer., 479» •nd Wood 486. 
Influx of A. into an. sp. and fib., 
246, A. inscribed on face, 246, 4^4. 
A. and body at war with soul, effect, 
237. Sicknesses of A., Distases, 
Series of t«na«tion, Tnought* 
Judoment* Will, sio; of s. t. w., 
S44: from s. or perception to ac- 
tion, 4SJ. Judgment belongs to 
memoxy of amrersals, 531. Gyre of 
reason, bow constituted, 594. Will, 
def., 4^. Tbought, def., ui, 534; 
orig., 510. Profound meditation a c. 
of natural catalepsy, 456. Thpifflht. 
Imaolnatlon, Memory. Rational 
mind and I. are internal and external 
man, 531. Understanding, T. and 
wil are of mind, apperception, I. and 
cupidity are of animus, 475« . ^* if ®* 
cer., 307» 475. or cort gL. but T. is 
of parts of c g., 5^ T. is of M. 
of universals, I. of M. of particulars, 
531, 534; the two M's, dist, 5^1, 5^3 • 
are rarely entirely conjoined, 531. T. 
and I. separated in somnambulism, 
534. M. necessary to T., 510. The 
M. a difficult subject, sag; def. and 
ill., 530; seat of, Bmn (function); 
loss of, Dis€at$s, M. and I., disc, 
533. Fanatical I., Viteasts (m- 
sanity). 

AFPECTfON8 OP MIND AND 
ANIMUS. 

(For medically abnormal A's see Dis- 
gases.) A's of M. enumerated, 487; 
hard to dist from A's of an., 487* 
Cupidities are of An., 474t from in- 
flux of M., 377. Passions of An. 
enumerated. 373 » orig. and remedies, 
473; are of fibres, 37« "cq.; are ex- 
citants of aife, and c's of deaih: 
man has them in common with 
brutes, 486-7; effect on lymphatics, 
494, and coinporeal fib.. 495> Absent- 
minded, 53a. Ambition expands 
cer., 434. Vain A. a dis. of purer, 
373. and purest blood, 374«^ Ano^rt 
Fury, Envy, Mallet. Effect on 
cer., 424; c of A., 377. "ad C. on 
bile, 480; A. corresponds to biUous 
fever. 378. A. and E. c's of hypo- 
chondria, 494. And melan., 486; A. 




Timidity. Terror. Effect of A. on 
breast ana nerres. and of F. on cer., 
434. Orig. of untrersal A.. 491* ^* 
of A., 489. 499; correspondence, 378. 
Tim. a dis. of purer blood, 373* A. 
a83, and F. are c's of mdlan., 486. 
A. « c. of insoauiia, 44<!* F* ^ ^ of 
cacoohyada, 486, hypochondria, 494. 
vertigo. 547. Ter. a c of catalepsy, 
454. GUadneae, expands cer., 434, 
lymphatics, 494. Dilates blood, 486. 




A c. of insomnia, 446. Qri«ff» ted- 
neee. G. a c of fanatical imag., sss- 
6, vaftlgo, 547. S. del, 4^3; ai ' 
nrooe to. 494; effect on cer., 
%lood. Mi a c «f hy^o choi 
494. ncnn., 486. Exoeaitve S. a c. 
M csialepay, 494- Hepe, Love. Effect 
of L. and m less of H. on oer., 404: 
e. of L. on bkiod, 486. Unsatiifiea 
L. and loss of H. c*s of fanatlGal 
iraag., 584; e. of H. a c. of mdsn.* 
487. L. of self a dis. of parest Uood» 
374* lfiiflNrtlefioe» Ineonatancyv 
Jealouey are dis's of purer Uoed, 
373. Laslneae, Dullneee, ete. L. a 
c of foolishness, $9^ D. and stn- 
pidity an eBect of up il up s j, 46J; of 

444; of conti 



soiMioleno e, ^ 30, 

ling, nospging, etc, 990. Mlean 



tliropy a ids. of purest blood, 374* 
Peaee a c of sleep, 438. Ob- 
•tinaey. Pride, Haiigtitliieee, Hit* 
mlllty. O. a feature of metan^ 481; 
why, 484. Excessive P. a c of fanat- 
ical imag. 536. Ludicrous Haugh., a 
dis. of animus, 373. Hum. oenstrkta 
cer., 434. Revenge, effect on cer.. 



PuLSS, Orig. of, X46, 148; No P. in 
fib., i^ P. in esctasy, 538. 

Puppies, 6, 167. 

Ratiohal. ExAioir. R. anslysis, ideas 
in, 535. Reason, Psyekology (mind). 
Reasoning SyntMic, 

Rbckiatioit, use of, 494. 

RxsT and dis., 391* 

Ribs, 165. 

RuLBS. The superior must have a 
new wmtat, 3C9. Universal R. of 
derivation of forms, 374. R. under 
which Swedenborg exmnined brain 
and viscera, 73. N&turt (laws of). 

Sacked ScBiPTuas, 373. A remedy* 
483. LijBibt from, 368. Divine Form 
inflows Of the Word, 368. 

Saliva, Effect of ladE of, 493* a c of 
melan» 485. 

Salts, S's and sulphnt, s6ia. Saline 
elements, def., aos; figure of, 3o<; 
are never entii^ pisne, wiiy, 363 
[iv]; are instrumental c's, aos. Sul- 
phureous elements, aos; def. 303. 

ScBxw, 358, 375. 

SxNSATioir, det., 433. S's are passions 
of the soufl, 66; compared to heavy 
bodies, 66. Depend on particular 
animation of cer^ 449. Regukes soft 
nerve, 343. Why modification be- 
comes S., 383. fiow effected, S44- 
Macrocosm and microcosm cooipared 
as to S's, 66. Last of S. is first of 
motion, how, 377; series from S., to 
action, 430, 510, 544« Aristotle on seat 
of, 138, 308. S. reouires vivified 
blood, 85. Loss of, orm., asf. Dull 
In melan., whgr, 48s- o> by ce r ebri., 
494; is obscure or nil, 404. Sen* 
Bory, Br&m (fnnctiaas). Tlie PIve 
Seweea, On those who judge merdy 
frofli, 14a. AdaotaHon of, descr.. 530. 
How hearing, nght and smdl go to 
biein, 66, fibrg (individnal nerves); 
f onas flowbig into, 369. Sight cm- 
braces only lihenessea of dbje^s, 145; 
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SmaATiov. 

fanarical iauig. penrerti, $27; S7ct•^ 
opia and bemeralo^ 4m., 5J3. 
SomD, «0ect of oden, 561. See fi^, 
£er, etc 

Sbauc, 21, 191. 

Saiv. Bf^, ^-s; nerrt of, 91; ten- 
don* s$> 4>; moo. ipinalii, 30. 

SazrwBBCK, 530. 

SiMPU, Tin, def., ijj. Compound, 

SinciPVT, 3^6. 

SiHoiTLAit. umvors^s, 

SiMUtBS Brain (▼eseels). 

Skin. Food, Glomds.PorspirtHon* 

Slsip. Def., 4SJ. Use, 449. Nature 
and €*• of, 4SZ ae^, 4«5> 4'7> 4^9; 
0*0 entunemted, 4aB; claiirinrd. 43^ 
Qfoaa foods a a of, wlqr, 430. Yawn- 
ing, a guard against. 474. Brain, re- 
laxed in^ 107. Is OK oer. alooe, 4as; 
state of cer. and cerekeL in, 4S1; 
ahemate actions of , in S. and ivake- 
fnlness, 439, 46a, 516. Excitation of 
cerebel, a c. of, 4^9* State of cer. 
in S. and wakefolncss^ 4<^3> l>ow 
caused. 4*4; e. of cer. in s. be t we en 
S. and W., 443* State of cort. gl. 
sometimes unchanged in S., 431; ^** 
4j8. Vertex of cer. tke first to col- 
lapse, 430, and tlie first to awake, 

443. Relation of cerebral blood to 
S., 427. Quiescence of muscles in, 
4Jt. Why infants sleep more than 
adults, 430. Why eyelids droop in, 
430. Way respiration natural in, 443. 
A remarkable case illustrating Swe- 
denborg's doctrine. 447* Stretching, 
etc, arter, 430. DTMima and Vla- 
lena, c of, 431. Nightmare, 534 seq.; 
n. of blood does not penetrate to 
cortex, 535; c's, 536. Somnambulism, 
descr., 531; o's, 444; inmost c, 53^ 
3; state of cer. in, 533; waking from, 
S3x; imag. and thought sep ara t ed in, 
5J4. •. and DIaeaaa, 391- Orer- 
mnch sleep, a c of dulness, etc, 430, 

444, dullness, 530, melan., 485, ca- 
tarrh, S30, 55S. S. of Kmbs c of 
469. unnatural S. Ditoases (coma, 
ecstasy). Inaomnla, 44^ seq., 391* 
I. and coma, dist, 446. Cs, 446, are 
sluggish, 438, and fererish blood, 
445 ; why, 447. Efiects, 44S ; feverish 
blood a concomitant of, 485; why, 
447. I. a c of melan., 485. Nar- 
cotics for. 447. 

SNmiiio Nose. 

SociXTT. Sou] of, s88. Excitements 
of, 486. S. represented in nerves, 
227. Communum, S. now like 
women, 481; mind now swsyed by 
animus, 487; insanity now declared 
to be sanity, 508. 

Soft PMd, 

SOLBS Pi ft 

Solid Fluid, 

SOMVAMBUUSX SiOOP. 

Soul Psychology, 

Spauows. brain of, a$. 

Snemn, wood of, joo, J04. 

SpxaiTUAL, 488. Quality, mode, acci- 
dents, predicabk of, only by emi- 
nence, 2$S' S. essences called forms. 



S. substances and eel. powers, 267. 
Angels to be called spirits, S67. Soul 
is spirit, 488. Spirits are vitdl forms, 
J69, Forms, IMvine Spirit, God, S. 
form. See also Heavon, 

SvnrruovB. S. fluid, Bloods,, S. 
liquors, S09. 

SfLXtir, x6s. 

STAivnio, Pood, 

Stomach, 165. Loose texture of, 493* 
Connemon widi cerebel., 40^ Con- 
stipation of, eirects, 489* Pain, emp- 
tiness and fullness ot, are c's of de- 



fect of anim. sp., why, 547. Angina 
of. 539- Indigestion, 493; i . «nd 
scantiness of gastnc juice are c s of 
melan., 485. Digestion and merri- 
ment, 494. Effects of vomiting, 493. 

Stbawbibxixs. 171. 

Studt. Effects of too intense S. on 
abstract subjects, 526; on one subject 
alone, 52s. 

Stutiditt Disoasos, 

SuBSTAifCB Simple S. the only sub- 
stantisl, S73; offferences of, fewer in 
number, 242. Superior entities 1^ 
for accidental, not for essential 
change, Z41, S44. Prima materia. 
a66a. Aristotle on, 272, Form and 
S. combine in spiritual f., 267. 

SUFVOCATXOM JHSSOSSS. 

SxrLPBVBS SaUs, 

SuPxaiOB Substanct, 

SwxDBSBORG speaks strange thinas but 
true, (SO. His readers must be in- 
formed, 170, 520. Is not deterred by 
modem opinions. 26%, s6sb. Is ftdly 
convinced of Prinopia doctrine m 
magnetism, 265. Obiiaed to use in- 
adeouate Urms, 266b. Finds dilBculty 
in describing vort form, ^s* Why 
convinced no saline dements are 
wholly plane, ^63 ibr}. The "Very 
substance*' of his TransactioniL 
deecr., 269; in his f s has reasoned 
analytically and then synth et i c ally, 
whv, 03. Rule under which S. ex- 
anuned Drain, 73; examines calFs b's, 
68; bent all powers to investintion 
of poles and axes of b., 68. In Fibre 
treats of brain only generally, 7$» 
Why wrote Arachnoid Tunic after 
Fibre, 335« Plan for work on Soid 
and Body, to which Doctrine of 
Forms is a preface, 285. Treats of 
brains only in a preliminary way, 7$, 

Swooir Disoasos, 

Stutbxtic, Aim Amalttic Msthods. 
descr., 03; forms must be searched 
out by both, 272, A. M. def., a56; 
is natural M., 93; necessary for us, 
371; the only way to learn simple 
fib., 35s, 356, in., S58; must be fol- 
lowed by S. M., 93> ^56. S. M. 75; 
danger of, 93; is proper only to 
spirits and to mature years, 93. 

Tbacbxvo. Dullness from bad methods 
of, $30. 

Tbiivtatiov, 488. 

Tsnoovs. Orig. and nature of, 134. 
Structure, 314 and membranes of, 41, 
333. Spiral form of, 43, 358. Mus- 
cular T*s, isx. T's of bee, flea, 4^ 
358, oyster, 43, sheep, 41. 
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Tmkmm, Worn. To be oaed couerr- 
attreljr, 168. Common tuage in. not 
to be lightly abandoned, s§> Same 
T'a not to be used in detenbinc dia'a 
of body, animot and min<L 378. T'a 
of pajoiologT must be e»| Mai f ied, 5J0. 
Forms may be deacr. by same T'a by 
transmntatton, a6$, s6sa. b. The finite 
is put off as one ascends from com- 
ponnds, spo. Inadequacy of T's in 
higher sphere, 273. Superiors must 
have new names, 3S9- T's inadequate 
to eel. forms, but Tet must be tised, 
266b. CeL qualities expressible 
only by sjudogies, s66a. Smritual 
form expressible only by abstract 
speech, 967; or by supereminenoe, 
ass* Soul requires a T. wherein is 
something perpetusl, or T's used by 
^n<«**»^, S90. "Form" not suitable 
to the Divine Essence, s66a; impos- 
sible to descr. genera and species of 
▼ort. f. by T's, j65b. T's in neur- 
ology, X17 seq.; disputes on, xx8; 
definable only after profound study, 
1x8. "Ftbres- and •Sr^sels." why 
used indiscriminatelsr, xx8, 398. 

Tbokacic Duct Lymph, 

Tkamcs Diseatts, 

TiBis living on bark, X7X. Brain, 

Tunics. Everything is tunicated, »i^, 
ft formed of vessels, S40. Are 
passive, J40. T. conformed to its 
luid, SS7. why, ss8; T. and f. «r« 
one c, xss: are passive and active, 
XS3. All T's are double or tritfe, 
axs. T's in nerves, glands, etc., orig. 
and use, 17a. *T. of vessel, nerve, 
fibri, 

Tuany Cock, as. 24, as. 

Ultimate, The, is angular, why, aox. 

UlTDULATXOV WotfT, 

XJMivsBSALa enter into singulars. X7<. 
Superior and inferior XTs and gen- 
erdU, 334. Memory of, Psychology. 



VrnmoMM, Forms of. VoHoty iiL 

Umim Bxerttion, 

Vacuvm, No, 27a. 

Vapobs, Tu 489. 

Vabibtt. Mnmensf V. in univene, 

as; greater in auperior entities, M41, 
., S44; in s. e. di fferen ce s of V. are 
fewer, a^a, but degrees of V. giecter, 
a44. V. tn fibres, S3S, nerves, axa, 
a4i seq., ^4* en. »p., M*. Mood, $99- 

VioBTABLB KivoooM. Growth of cort. 
gl. 111. by, 171. Forms of, S70. Men 
midway be t w e en Vs and animals, 
Ss8. 

VBvnr. A c. of sleep, 428. Veneieal 
dis., ss8! iHien suppressed, a c of 
rheumrasm, 358. Over-V. weakena 
brain, 167; a c. of tremor, 468, wliy, 
S47. Impeding of V. an ultimate c. 
ot dis., M^ 

ViacBiUL fntosHnos, The four V. of 
brain, 405- 

VxaiBLB, THK, a clue to the inviaihle, 

S3J. 

Viaiov, Sloop, 

VoMcniro, 493. 

Watbk, Flux of, like f. of blood, *<7' 
Undtdation of, corresponds to modifi- 
cation of air, 148. CrooHon, 

WiATKxa, Effiect of. on body, SSS-^ 
A c, of rheumatiam, $$%, 

WiPB Woman, 

Will Psychology, 

Wiirs, unfermented, effect, ss8. Vapid, 

S09. 

Wisdom, True, $07. 

WoMAH Society. Man and W. Whr 
W. more subject to swoons, S47- 
Wife passive, husband active, 164. 

Womb GonoraHon, 

WoiM Tomu, 

WouiTDS a c. of vertigo, 547* 

WoBLD Vnivtrsi, State of S^cioty, 

Yawniitg, Sloop. 



CORRECTIONS. 

P* 3> L 7> for cortical rttid cortical [n. j^]. 
P* Sf L 3, /or see r$ad see [n. 
n. 60, L 9» for uret rtad ares 



P* Sf L 3, /or see rtad see [n. 57]. 

n. 60, L 9» for uret rtad ares [n. 17J. 

p. 6, L 17, for cf r#a^ cf [not. 19, aoj. 



p. XI, L s, /or (D# rtod [n. 7)* (X>'« 
p. 14. 1. 3» for substance rtod substances, 
n. 3J, L 7, /or Fornix rtad Fornix [n. 17]. 

p. 40, L xo, for cranies rtad crannies. 

n. xj4a, fin tor pltstustt read pitsutts; whtnct aritts a siructmrt, host, spongy, 
Ptrvious to h^Pft*, bibulous, soft, eapobim of tsfomsion, frtt to act, ami suitooit 
for buUding up tkt ntrvts, 

p. S3f L 30, for (n. 57 rtad ([noa. 54-51. 

p. 53, L 36, for see rtad see n. 55 and. 

p. 54* t 9i 7«f 45. 57 rtad 46, 5>55- 

p. 54, I. 10, for ox rooa 9a. 

p. 60, 1. 23, for dark — rtad brown—. 

p. 67, L 3f for Functioixs rtad Function. 

n. X37, L X4, for to rtad from. 

p. 70, L 34, for adhesions rtad adkeaion. 

p. 78, L 22, for sensation rtad sensations. 

p. 78, L 24, for tnr constriction rtad and constricted. 

n. 143, 1. 4, for force, light rtad force. 

p. 83, L 22, for nn- r#od in-. 

p. 96, L xo, for disappear rtad dls^tpear [n. 6]. 

p. 96, L 30, 7or Brain rtad Brains. 

p. 169, 1. 4. for cerebrum rtad cerebrum [not. 36-38.] 

p. 173. V 6, for 37 ^oad 36, 37. ^ ^ 

p. x8o, L 2$, for medulla rtad mediilas. 

p. 187, L xo, for 117 rtad X15. 

p. 1X4, 1. 2, for thereof in rtad in. 

J[>. XX9, L 22, for nous; and he states that it giret rtad nous [n. aa]; and it ia 
d to gire. 

p. XX9, L 23, for 22 rtad 4. 

p. 120, L X, for 49 rtad 49-50. 

p. xax, 1. 26Jor 22 rtad 22. 14. 

p. xaa, 1. 19, for up rtad of. 

p. 124,1. 12, for s^der rtad frog. 

P* i2S, 1. 9t for [Arc. rtad [n. 24, Are, 

n. ax3, t 4, for 46. rtad 46, 47. 

p. X39, 1. 14, for 16, rtad x8. 

p. 139, I. X5, for fig. 2 rtad fig. a [n. 29}, 

n. a37, 1. as, for tendinous rtad finer.* 

n. 2$0t 1. xo, for substance rtad substances. 

I. a54U 1. 3, for essece rtad essence. 

p. x68, 1. x6, for 34 rood 33. 

p. X69, 1. ao, for expansions and contractions rtad contractions and extenaioBa.* 

p. X87, 1. X. for o rtad of. 

p. X9ju 1. 6, The footnote is on p. X94. 

p. X98, L 1$, for Aeg. rtad Aegypt 

p. X99t !• S-6, shoula be transposed. 

p. ao3, 1. X4, omit quotation mark. 

p. aao, footnote. The title cited was supplied by Dr. R. L. Tafel, the MS. 
having no title. 

n. 3i9> 1* 26, for ther rtad their. 

p. a4X, L a8, for [Opera rtad [n. 9. Opera. 

p. aso, 1. a-3, for a general [centre] rtad the commonweilth. 

n. 346, 1. xa, for 327 rtad 329. 

n* 3S5f 1* 9> for meninx rtad meninx [nos. 9-X0]. 

n. 355, 1. 1$, for 335* rtad 534a. 

p. a74, t 24, for membranes* rtad members and omit footnott, 

n. 4ax seq. In the chapter on Sleep the author has written marginal num- 
bera, from x-6. though with what object does not appear. In the translation the 
numbers would be placed in the left hand margfai as fotlowt: 

*See correctiont of Latin text 



fii CORRECTIONS. 

&. 4JX at 1. 6, the number $. n. 4^7 at L 8, tte niuiber j. 

p, s8s at 1. XI, tke nmnber 6. &. 418 at L 4, tte nuaiber 4. 

n. 4^2 at L la, tke number 1. ' n. 4«9 at 1. J, the ntnber 3. 

^ 283 at L 10, the number a. p. j86 at L 13. the number 3 

i^ 1!J S*i *; ^AJ'SSiSL/^.. n. 4*» -k t 4. the number 5. 

^ tS^4.\ I'Ya f^^^tnh^ s ft. 430 at L 9, the number a. 

!>. a84 rt L a, x6, a$, the number, a. a. 430 at L xi, the number 3. 

n. 4JS at L 5. the number a. "• *»^ ^ , '^iT^ "um^r 5. 

n. iai at L a! the number a. p. aSy at I. 7. Ae number a. 

p. aSs at 1. 4, 8, the number a. n. 43< at L 3> the nuaiber a. 

p. 300, 1. x, a, /^ as when a troop baa baan aaiaad to which the gate ia 
ao it ruahea on r^ad "In gathered troop it ruahea forth Iroat every opened gat*.' 
[Virg. Aen. L 82-3.] 

p. 303, I. as, for apAaMa rend apAaic 

p. 306, L 2, far "icB.AircB0i.u8" nod "kblamcsolt." 

p. 3a8i 1. 6, for 417 read $17. 

n. $29, h xa. for Tariey raod variety. 

p. 340, first footnote^ odd words c£. x E. A. K., $6$, a ik* 27, 

P- 34J> L SO, for amOagous rotkl aflalogotta. 

p. 344, Aftor chapter sdi add the hooding, vertigo and awoona.. 

p. 3^, first footnote, for taties rood totiea. 

CORRECTIONS OF LATIN TEXT. 

NoTS. — ^The following corrections (which do not include corrections of refers 
encea to the author's works) have been ooaipaaed by Mr. ALisav H. Snos with 
the original manuscript Those marked with an aaterisk are in agreement with the 
manuscript; the others are corrections of the author's text 

n. 84, 1. 14, for at rood et* 

n. 84, 1. 21, for at rood et 

tu 94, 1. 8, for semicircular / would rood meduUate. ot m Vumsoons; too n, 17. 

p. 30, L s> Jor cortex rood cortex [obaervata]. os im Moipiffki, too n* 20, 

p. 31, L 8, for quod rood [confixmant] quod. 

p. 32, 1. 4, for utique rood itaque; soo m. ao. 

p. 3a, 1. 7, for penetrare rood penetrant; too n. ao. 

p. 32, 1. 9, for para rood pars [sanguinis] ; too n, ax. 

p. 32, 1. ult, for animaliMBi rood aiymalium [cerporibus] ; os in Loo uwonk o o k; 
soo n. 36. 

p. 33, 1. ttlt, for ut rood ut [Aristotelis] os im Borthoiin; soo n, xa. 

P- 3 St 1. X, for ABCDEF road BCDEF; soo «. 36. 

p. 35> 1* a, for EF road GP; soo n, 36. 

p. 35, 1. 6, for quaa road qu«. 

p. 35, L X2, for earum road eorum.* 

p. 3S. 1. 35, for BC rood BG; soo n. 37. 

p. 38, L 2, tut, for Malpighius rood Vieussens. 

p. 39, 1. 3, for efforment rood efforment (Et Clar. ICalpighius]. 

p. 46, 1. xs-6, for et motorias ut ad muacmoa rood ad motorias ut muaculaa os m 
Bartholin, soo fk xa. 

p. 47» 1. X, for tilissimum rood subtiliasimum.* 

p. 47, L xs, for igne rood igne [et]. 

p. 48, 1. X2, for enositi road expositani, os in Boorhooioo, soo n^ 49. 

IX* X73» 1* St f«r GH, DI, OK rood FG, DI, CK as mi Loonwonhook, soo n. $6, 

p. 72, L xo, for 18 road 1$. 

n. 200, 1. 26, for premuntur rood premuntnr [et sumunt perfectam et lohiMaai 
figuram]; soo toe, ett,, n. 200. 

p. 97, 1. 2 ult, for ranae road aranc; soo toe. oii,, «. aoo. 

n. 204, L 9, for ranc roodi aranc 

n. 206, L. 6, for axdmat rood ankuat [patet]. 

n. 209, 1. X3, for ramosis road nervosis, os in Borthoiin, soo m. X3. 

n. 222^ L XX, for quie rood au« diximus, as in Loonwo n hook, soo n. 41. ? 

n. 222, 1. X2, Tab. v, fig. 3, is perhapa a mistaiK for Talk, v, fig. x, wlikh ia Ike 
figure described in the paaagraph refored to, n. 4X. FIga. x aid 3 are igk t6 
and X 8 in the present translation. The author's text makes no other "-^^T fW T to 
figure 3, nor to the matter contained in n. 43 where the figure ia ^t*i*«*H We 
have supplld this paragraph solely on the baaia of the preaant reference. 

n. 237, 1. 18, for tendiaHs rood tenuioribus, os in Lomcisi, soo n, x6. 

n. 237, 1. 2x, for coniigus rood continue, soo n. x6. 

n. 237, 1. 22, for tunioe rood tunios denudatum, soo n, x6. 

n. 238, L 8, for membranam road membrmnas, soo n, x6. 

p. XI 2, 1. 16, for offendi rood ostendi,* os in Loonwonhook; soo n. 33. 

p. XX2, 1. 2 ult, for Ex rood Et, soo n. 42. 



CORRECTIONS. jSS 

p. tta, L I vlt, for ejcpansionet rg€d exteiitioaes, stt n* 4J. 

n. 363, 1. I, for tnperior road superior.* 

p. X30, t x> for MetMh. rood Sap. Dhr. mc AetSTPt. 

p. X30, 1. 3, for tioditer rood aiiniliter.* 

p. 130, L II, for It rood UL 

p. 130, L i9t for %09 read $90 {should bo S9x)* 

p. X3«, h 4, for AAt road 991* 

p. 134, L o, for Nat Ausc road Mtmdo. 

p. i3Sf L i^, for Mot, . . . "Cogitatioiie road Sap. Dir. aec Aegypt . . . 
"[Prima matenaL cogitatione. 

p. 135, 1. 17, for Met rood Sap. Dhr. aec Aegypt 

p. X37» L 8, for 150 road 144* 

p. 137, L 27, for tU r#a<l vL 

n. 307, L 7> /^ Titam road ▼Ham [riTit]. 

n. 330, 1. 5, for expantionea road intertioiies, or in Winslom, he, cii, 

n. 330, 1. 15. cerebri road ceiebelU. 

n. 331, 1. a, for eminentianmi road eminentianim faciei inferioria as im Cd, 6$. 
p. 830, 4 Pk. ao8. 

n. 331, 1. Sf for eminentianim rood eminentiartmi, externa vero as in ditto, 

p. 16^ L X, for dur« road pis. 

p. 170, 1. XI, for actirinimaa road actiYitsimot.* 

n. 4xa, 1. X, for copioaam read copiosum.* 

n. 4x7, L X, for arteris carotidea road arteria carotia. 

n. 422, 1. 9, for kemi^keria read kemispkeria, kaec. 

n. 431, L ik, for inducat read inducunt 

n. 447, fl. 2, for emti read with the Latin editor, crudi.* 

n. 4«o, L. X, for epilepaeot road catalepaeoa, see n. 458 . 

n. 46X, 1. IS, for quo road qua. 

n. 477, 1. $j for quad road quod.* 

iL $21, 1. o» fofi sed read sen. 

n. 530, 1. 2 ult, for sorbit / would retain MS, reading sorbibua.* This word 
is refected fry tho Latin editor as being "altogether spurious," though ho MnU 
out that the author uses it, in tho same oonnoction as hero, in his Dt Sfrfr. Aniai. 
cap. xiL (Opuac. Pkl. p. 46.) Sorbua moans tho fruit of tho soroieo-troo, and 
thu moaning is so highly improbable in tho present connection, as to bo praetieaUy 
out of tho question. As to sorbibus being spurious Latin, «» note, t. That it a 
quite certain that our author uses this word: and 1. that, whilo tho word does not 
occur in the Latin classics, yet it is formed according to good Latin usage, via,, 
sorbet idrink) from sorbere (.to drink), (ust like sordea (jUth) from sordoro (to 
bo filthy). Tho Latin editor was incKnod to substitute the reading aordibua, but 
there is no necessity to depart from the plain reading of tho MS, 

n. 538, 1. 1$, for inferiorem read superiorem, as in t B, A, K, $6$, 2 ib. 07, 

n* 55o» h 4* for tottes / would read todus. 

n. 500, 1. 17, for exilibus road exitibus.* 

n. s6i» L IS* for ofidtur read afidtnr.* 
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